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VARIABILITY OF FLUID MILK CONSUMPTION 
AND ITS RELATIONSHIP TO RADIONUCLIDE INTAKE! 


J. C. Thompson, Jr.* 


SYNOPSIS—Using Federal milk marketing order statistics and popu- 
lation estimates for market areas, average monthly fluid milk consump- 
tion estimates were derived for cities located in areas covered by the 
Public Health Service Pasteurized Milk Network. The average per 
capita milk consumption for 67 cities in July 1962 was found to be 
0.302 liters per day, which compared well with the Bureau of the Census 
estimate of 0.297 liters per day for the same month. Establishment of a 
comparative milk consumption—radionuclide level network is described 
for the 38 cities which participate in both collection of the milk order 
statistics and the PHS milk monitoring system. This method is useful for 
determining regional and temporal variations in average milk consump- 
tion. Widespread geographic variations in radionuclide intakes are ap- 
parent from a summary of data for these cities, ranging to as high as 
sixfold for strontium—90 and fifteenfold for cesium-137 between stations. 
The estimates indicate that the average intake of strontium-90 and 
cesium-137 are approximately 70 percent less than estimates based on an 
assumed milk consumption of 1 liter per day. It is emphasized, however, 
that the averages include portions of the population whose milk intake 
is considerably greater than the average. These represent the critical 





elements in public health planning if large releases of radioactivity 


should occur. 


The worldwide levels of environmental 
radioactivity observed following atmospheric 
nuclear tests conducted by the United States 
and U.S.S.R. in 1961-1962 emphasized the im- 
portance of improving our methods of estimat- 
ing radionuclide intake. This was particularly 
true for the actions taken by some States in 
attempting to reduce iodine—131 intake levels. 
These actions were based on iodine-131 intake 
estimates derived from measured iodine-131 
levels in milk and arbitrary milk consumption 
data. None of the actions taken were recom- 
mended by Federal authorities. However, the 
fact that they were initiated points out the 
necessity for establishing a better understand- 
ing of the interrelationships that exist between 
milk consumption, iodine—131 intake, and thy- 
roid uptake. These relationships are very im- 


1This work was partially supported by the U.S, 
Atomic Energy Commission. 

2 Dr. Thompson is assistant professor of the Depart- 
ment of Physical Biology, New York State Veterinary 
College (a contract college of the State University), 
Cornell University, Ithaca, New York. 
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portant in determining any hazard from fallout 
iodine-131 radioactivity. They can also assist in 
evaluating the hazards from other major radio- 
nuclides found in milk, since it forms an 
important part of the diet. 

The urgency of the measures taken by 
individual States was primarily related to the 
inherent characteristics of iodine-131; it is 
produced in large amounts during a nuclear 
detonation, efficiently secreted into edible food 
products, and is concentrated in a small gland 
(thyroid). Because of its short radioactive 
half-life (8 days), iodine-131 has special im- 
portance in food products that spend short-time 
periods in marketing channels. Thus, fresh 
whole milk was the most important food 
product of concern, because most other foods 
normally spend sufficient time in marketing 
channels to significantly decrease or eliminate 
iodine-131 levels by radioactive decay. Home- 
grown or locally produced vegetables might 
enter into consideration for certain population 
categories, but the quantities of iodine-131 
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available from these sources would be small 
(1). Standard home preparation practices 
(washing, peeling, etc.) would generally 
minimize the intake from these sources. 

In order to properly assess the intake of 
iodine-131 or any radionuclide from milk, it 
is necessary to have accurate data on milk con- 
sumption. In the past, the practice has been to 
base estimates on an assumed milk consump- 
tion rate of 1 liter per person per day. However, 
this practice can lead to considerable error 
among various regions and locations and may 
contribute to public uncertainty and alarm dur- 
ing nuclear testing periods such as those of 
1961 and 1962. If radionuclide intake levels are 
used as criteria for determining whether 
countermeasures are deemed advisable, then 
accurate consumption data are essential for this 
determination. Accurate milk consumption data 
can also assist in determining total radionuclide 
intake, since there is a correlation between 
total diet intake and the contribution from 
milk. 

It is possible to obtain considerable data on 
fluid milk, since it is one of the few products 
that are extensively controlled throughout the 
United States, both at Federal and State levels. 
These controls range from sanitary codes to 
pricing regulations at producer, distributor, 
and retail levels. Such controls make it possible 
to obtain more meaningful and accurate data 
than are available for most other foods. Most 
of the data that are relevant for determining 
milk consumption are derived from Federal 
milk marketing order statistics which report 
sales of various milk products by specific 
marketing areas (2). Jurisdiction over milk 
sales on a regional basis is under Federal super- 
vision and control in the 80 markets having 
Federal milk marketing orders. These orders 
are supervised by a market administrator ap- 
pointed by the Secretary of Agriculture. Milk 
handlers are regulated under the provisions of 
such an order in the following manner: 

(a) They must pay the minimum farm price 
as established by the Market Adminis- 
trator’s Office. 

(b) They must make accurate weights and 
tests. 

(c) They must properly account for the way 
in which the milk is used (quantities of 
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milk received and sales in each product 
category). 

These regulations are supplemented by the 
various Federal and State sanitary codes which 
often include reports on sales and disposition of 
fluid milk products. 

Federal milk marketing order statistics 
report total monthly fluid milk sales in the area 
designated by the marketing order. Sales 
reports are filed for each Federal order area 
on a weight basis for sales within the area and 
verify the use which handlers have made of 
milk purchases from producers (sales by 
product category, type of container, etc.). All 
out-of-market sales are deleted from reported 
figures. Thus, except for losses in the store or 
home (spoiling, spilling, etc.) the data are 
indicative of the milk consumed in each market 
area. 

Population estimates for each market area 
are updated annually by using information 
derived from census data and trends, popula- 
tion projections and estimates from State 
planning and development boards, business re- 
search, and other statistical services. These 
estimates consider only the persons living 
within the established boundaries of each 
Federal milk marketing order area. 

Since 1962 the quantity of milk handled by 
all Federal marketing orders has represented 
about half of the milk delivered to all plants 
and dealers in the United States. However, 
within each individual market order area the 
data account for all of the sales made in the 
area. These sales data are subdivided according 
to the uses or products manufactured as re- 
quired in a classified milk pricing program. 
Fluid milk sales data can then be extracted and 
related to the population data for each area to 
obtain the desired consumption estimates. 
Table 1 shows the average monthly fluid milk 
consumption in 1964 for the cities from the 
Federal milk marketing order network which 
are also located in areas covered by the Public 
Health Service Pasteurized Milk Network. 

These data can be compared with fluid milk 
consumption estimates derived from the 
Bureau of the Census — Public Health Service 
study conducted in July 1962 (4, 5). The 
average per capita milk consumption from this 
study was 0.297 liters per day (weighted aver- 
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Table 1. Average monthly per capita fluid milk 
consumption during 1964 in 38 major U.S. milksheds (3) 




















Liters Liters 
Major city in milkshed per Major city in milkshed per 

month month 
Albuquerque, N.M-- 7.9 || Memphis, Tenn----.-.-.-- 7.7 
NON) Se eee 8.3 || Milwaukee, Wis-_---------- 9.2 
Baltimore, Md-_---_------- 7.6 || Minneapolis, Minn- - - ----- 10.8 
Boston, Mass_............- 11.5 || New Orleans, La___._.---- 7.6 
ES See 9.8 || New York, M2. 2223.20 11.3 
Charlotte, N.C............- 6.0 || Oklahoma ‘Git, Okla--_.-.-- 10.0 
Chattanooga, Tenn_---_-_- 9.7 || Omaha, Nebr_--...------- 9.0 
OSS 9.7 || Philadelphia, Pa_......---- 9.1 
Cincinnati, Ohio--_._-----.- 8.8 || Phoenix, Ariz__._......--- 8.3 
Cleveland, Ohio----_...--- 10.5 || Providence, R.I- oactlt ee 
BES Codie sisssi.ne 8.6 || Rapid vite ~~ > PUREED RT 9.8 
OS EE. 8.3 || St. Louis, Mo........----- 8.0 
Des Moines, lowa-----__.-- 9.3 || Salt Lake Chey: Utah____.. 7.8 
OS” 10.8 || San Francisco, (aS eopne 9.2 
Hartford, Conn-_--_._..__- 11.0 || Seattle, Wash_.........-.-- 8.4 
Indianapolis, Ind_--_-_-----} 9.5 || Spokane, Wash__-..-....-- 6.3 
Kansas City, Mo___._-_--- | 8.9 || Washington, D.C__.____--- 9.0 
Little Rock, Ark_..._--.--- | 6.4 || Wichita, Kans....._-..--- 8.6 
Louisville, Ky..........--- | §.7 || Wilmington, Del___....-_- 9.1 

| 
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age using all age groups and both sexes) for the 
month of July 1962. This compares with an 
average of 0.302 liters/day from the 67 Federal 
milk market order stations operating during 
the same month. The close agreement of results 
indicates the similarity between the estimating 
procedures. Since the Federal milk marketing 
program offers the advantage of more recent 
information, its use would be advantageous in 
any appraisal of radionuclide intake. In addi- 
tion, it would permit an evaluation of regional 
as well as individual market variations on an 
annual or seasonal basis. Some of these differ- 
ences are shown in table 2 for the markets 
which are included in the Public Health Service 
Pasteurized Milk Network. The pattern of 
consumption is generally consistent from year 
to year with small changes in seasonal or 
annual totals. 


Table 2. Fluid milk consumption by geographic regions of 
the United States; 38 markets located within PHS 
Pasteurized Milk Network, 1964 
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Seasonal changes generally involve a sunimer 
decline which can be related to such factors as 
temperature and the number of children out of 
school. Normal consumption levels are resumed 
when schools reopen and, except for a small 
holiday decline, are maintained until the follow- 
ing summer. 

Variation in milk consumption by age and 
sex is another important consideration and 
was also cited in the Bureau of the Census — 
Public Health Service study. Some of the more 
pertinent points were the higher consumption 
rate for male persons (37 percent greater than 
female), the similarity of consumption patterns 
up to the late teens, and the lack of any group 
having average daily consumption levels over 
0.6 liters. These data are in agreement with 
consumption information from a similar study 
conducted in Canada during the spring of 1963 
(6). However, the Canadian study reported a 
very low daily intake estimate for babies 
younger than 6 months of age (average daily 
consumption was 0.47 liters). Other points, 
such as much higher consumption for rural 
farm areas, were also in agreement with 
previous U.S. data (7). 

By incorporating all of the available data for 
an individual market it becomes possible to 
derive estimates of radionuclide intake from 
milk for different components of the popula- 
tion. The Boston area is used to illustrate this 
approach: 

The July 1962 average fluid milk consump- 
tion for the Boston area (Federal milk market 
statistics) was 0.353 liters per person per day. 
This compares with the average of 0.297 liters 
per day for the Bureau of the Census — Public 
Health Service study. Therefore, Boston con- 
sumption was 18.8 percent higher than the 
average of 38 milksheds and this figure could 
serve as a weighting factor for determining 
differences in consumption due to age and sex 
(table 3). 

This procedure would then give a good 
estimate of the milk consumed by the popula- 
tion of the Boston area. It could then be used 
with radionuclide concentration data from this 
milkshed to establish intake by each segment 
of the population. Prediction studies and 
hazard estimates could then be made and 
correlated to observed levels whenever deter- 


141 





mined by bone analyses, whole body counts, or 
thyroid monitoring. 


Table 3. Example of adjusted milk consumption by age group 
for specific area (Boston, Massachusetts), July 1962 





Daily per capita milk consumption 

















(liters/day) 
Age Census—PHS Adjusted 
study consumption * 

Male | Female | Male | Female 

UG Bona a cnn sn csacele aan | .5e7| .479| .626 569 
POO 6 = See ots Lisp .530 .503 .630 598 
gp eRe ate pe ORIEEE 7 479 447 569 531 
gg EP ar pee peer ery S 510 .382 454 
MNEs hid ash onitin oon cere on ee 1a 510 .293 606 348 
G55 SCL te ahisbo a knit > Stee ke 352 .213 418 253 
Pact en sas khs waedpous wee 293 .192 348 228 
a wt ARO 5 3 ddidns saa eeee 263 . 166. 312 197 

Pe iGinpeascescescssssnsnt 243 .160 289 190 
nag SUS beidbs Able o (ED Ope 228 .154 271 183 

Ei Dbussesecccacccosconenus en .240 . 169 .285 .201 
di rds pdscn ise wutciveed } . 246 .192 - 292 -228 











All ages... --...... aon se sof tae [251 | au | 298 


The assumption of a population composition 
similar to the U.S. distribution insofar as num- 
bers of male and female persons in respective 
age groups would be required in this analysis. 
This is a reasonable assumption for the larger 
market areas which are in the Federal milk 
market network. Using this approach would 
permit an appraisal of monthly, geographic, 
age, and sex related variations in fluid milk 
consumption. More recently, monthly or annual 
estimates could be calculated in the same 
manner. 

Applications of this method are particularly 
suited to estimates of radionuclide intake from 
milk. Information on the variables influencing 
milk consumption is more readily available 
than on most other foods because of the report- 
ing systems and controls that are employed. 
This is also true for radionuclide data since 


the sampling of milk for radionuclide deter- 
mination is a regular feature of the monitoring 
networks. Thus, it is possible to establish a 
comparative milk consumption-radionuclide 
level network for the 38 cities that collect 
Federal (or State) milk order statistics and 
are a part of the Public Health Service milk 
monitoring system (8). Results from this com- 
pilation permit a better evaluation of the radio- 
nuclide intake from milk throughout the 
country. When these data are summarized, 
widespread geographic variations become 
apparent (table 4). 

In general, the ranking by area follows the 
pattern indicated (Northeast, North Central, 
South, and West, in descending order). Individ- 
ual variations between stations for a given year 
and area extend from two- to sixfold for stron- 
tium-90 and from two- to fifteenfold for ce- 
sium-137. With an awareness of this variation 
in one food item, it is easy to see how single 
dietary estimates can be extremely inaccurate. 

Wide variations may also occur in estimating 
the milk component of total diets. Previous 
total diet studies (excluding infant diets) have 
shown the contribution of milk to total radio- 
nuclide intake to vary from 70 to 100 percent 
for iodine-131 (1), 10 to 90 percent for stron- 
tium-90, and 10 to 90 percent for cesium—137 
(9,10). The presence of such widespread varia- 
tions would indicate that an analysis of each 
market and its component population is neces- 
sary so that individual factors can be 
considered. 

The use of monthly milk consumption data, 
as developed here, in conjunction with radio- 
nuclide data will provide more accurate 
regional and market estimates of radionuclide 
intake from milk. This is shown in tables 5 and 
6 where strontium-90 and cesium-137 intake 


Table 4. Comparison of strontium-90 and cesium-137 intake from milk by geographic area, 38 major milk 
markets of the United States, 1961-1964 























A pCi strontium-90/capita e year pCi cesium-137/capita e year 
rea 
1961 1962 1963 1964 1961 1962 1963 1964 

POUNUNONEES oo tok cise hoc ene esb shin Scaeubbencbbecsé 1,220 1,662 3,283 3,006 1,966 6,989 20 ,894 19, 208 
ee OF eae 1,058 1,433 2,676 2,661 1,037 4,285 11,347 11,269 
OS a id 0 7 IS PLD So 5 Se ie IS + 4? 2 OS BSS SES, 917 1,757 2,623 2,739 800 4,179 9,744 8,509 
Nie BS ia eran cninntinricte Gein nai ialadtin Wala siteen tahitian led 771 902 1,654 1,663 1,021 3,831 9,462 8,813 
SE-MENE SUNTAN nm 6 oct dad ndends bannkapeneddsons be 986 1,500 2,626 2,556 1,104 4,622 12,413 11,201 
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Table 5. Estimated annual average per capita strontium-90 intake from milk in 38 market areas of the United States 
in 1964; comparison of intake levels based on assumed and actual milk consumption rates 





Annual intake (picocuries) 





Annual intake (picocuries) 


























Market area Market area 
Assumed * Actual > Assumed * Actual > 

Albuquerque, N.M...............-.5.5...-- 4,015 0 ED ik ncn incawuiewebaseacotas 11,680 2,910 
REDS SSL so Bibcdboocbe dud 3,285 2) . 4. SF eeeietet ager , 205 1,885 
| ett lll Al ae rie le Saleen 8,030 Cee DR 6» cntucesscnsatauweneind 11,315 3,995 
ess Oe Eee 6 Pca ae 11,315 4,235 || New a, - EEL IE TDS Ss 18,250 4,595 
SSS PLT ET + eT eas 7,300 = ff +. |» | SRR SegrtE Se 9,125 3,365 
Charlotte, N.C___.._- 13,140 2,575 || Oklahoma ‘City, chs bine suites Geoniekindwe o ,030 2,670 
Chattanooga, Tenn--- 14,600 3) “* — ties peee pai apSF 9,125 2,605 
Chicago, Ill_......._- 6,935 2,170 ele. — ERE ey ,300 2,250 
Cipetmmat | Gite. <<. no deduisocscdee ‘ 8,030 ee Wt PN, BE Bnd... s Sue dma dnsdndivbocedens 1,460 450 
RE on oxenstinndnintn teil iene oil heel nal 7,665 2,615 Providence, R RET AE IIS Hah RA 8,395 3,270 
las « on ino <> ihc atom ubaae ‘ale le 6,935 1,955 || Rapid City, vs ERT Es ae eee 14,235 4,580 
Denver, Colo SME RDB LG et  § See Mt Cs Be 6,9 5 en es same die umaaees. 8,030 2,135 
Des Moines, Iowa 9,125 2,725 || Salt Lake City, Spies Cae a IE *) SR 9,125 2,400 
Detroit, Mich__ 6,570 2,320 || San ag OS RE LR II SEIT ,650 1,080 
Hartford, Conn. 7,300 DLS 5 Bemeiies Weick «0 cinsine cass doctue Pre 9,490 2,635 
Indianapolis, am 7,300 Be a Pe EEE bon cc nocaeetndoadsaecss 10,220 2,075 
ST en ee a bebe 9,855 & Sh ° 4 “= | SER EESRE eee 6,935 2,045 
Little Sek, yng <OEY CRP Lees AR 15,695 Ff Fk. RRP INES UAB 7,665 2,170 
Louisville, Ky IE Ba RE sp cele AR gy, tt OM 10,950 3,070 || Wilmington, Del__...................-.--L. 8,030 2,355 

Asem... i PKB. Aa 8,770 2,560 














* Strontium-90 intake from assumed consumption rate is based on 1 liter/day. 
> Strontium-90 intake from actual consumption rate is based on data from Federal milk marketing statistics. 


Table 6. Estimated annual average per capita cesium-137 intake from milk in 38 market areas of the United States 
in 1964; comparison of intake levels based on assumed and actual milk consumption rates 





Annual intake 





Annual intake 




















Market area Market area 
Assumed * Actual > Assumed * Actual > 

IN TE cin nncinicebanaaonssucdocse 19,345 Ce Be, Ra bo cccwevcugackastcoseuonese 24,820 6,220 
GE a. cin decreas ebaehue a 13,870 8 ge | 2 RRR EE SSNS: 43 , 800 13,260 
IE Be Sa See Hs 32,850 S Sae OE HD. on... dcensddvecescdancone 49,275 17,560 
EEA Ree st 74,095 28,160 || New Orleans, _ Dbisctawy mbtiethiedddme inmate 49,275 12,295 
Buffalo, OE ic a i a ad | 47,815 Se EE tite nn vatdedatencdecs> scabnitt 53,290 19,925 
NN San oo neudecbul ate cewncad 38,325 6,985 || Oklahoma ‘Cin, Sh lobe badeaietiaatbatshbatiches 23,725 7,865 
Cinttemsons, Semu.._.................cces. 40,515 12,820 || Omaha, Nebr_______- 31,755 ,780 
CE ddutistocnccebostccdeimectese 39,785 12,700 || Philadelphia, Pa--- 40,150 12,415 
SS OSE RET 31,390 9,185 || Phoenix, —; i akin 9,125 2,480 
ON og iets er eaeenrT 39,055 Se te I ne ee oe ne cwe 54,750 21,140 
a 21,170 ge. .1-°§ & ° “egepeenegere 51,830 16,745 
ete. et! ieee Bake 32,120 FR 8 hE IS RE 27,010 7,175 
ae 30, j Salt Lake NL ER SEMEN, PR IOS 22 15,400 
Me ocnbbs ecb adie sancs subsoan 38,325 13,555 || San Francisco, Calif._...................... 17,520 5,240 
ae Gener eA 49,275 18,125 || Seattle, Wash 52,560 14,795 
Indianapolis, SESS Fes Had oa eA SOR. 33,215 10,375 || Spokane, Wash 48,180 ,940 
SN TS a 26 ,695 7,870 || Washington, D.C 28 , 835 8,515 
en MOE ML. skins ebbe ce cuteanet 42,705 8,765 || Wichita, Kans 2,995 6,470 
Louisville, Ky APES PTT - 29,565 8,560 || Wilmington, Del 41,245 12,360 
Average 37,110 11,200 




















* Cesium-137 intake from assumed consumption rate is based on 1 liter/da 
> Cesium-137 intake from actual consumption rate is based on data from 


from milk are compared under an assumed con- 
sumption rate of 1 liter per day with actual 
consumption data from Federal milk market 
statistics. Estimates of strontium-90 and 
cesium-137 intake from milk derived from 
Federal milk market statistics are approxi- 
mately 70 percent less than estimates based on 
an assumed consumption rate of 1 liter per day. 

It may be noted that these estimates are 
consistent with average consumption data both 
from the Bureau of the Census—Public Health 
Service study and those of the Federal milk 
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Federal milk marketing statistics. 


marketing program. The averages, however, 
include about 10 percent of the population who 
consume 1 liter or more of milk daily, as well 
as a substantial proportion (about one-third) 
who consume little or no milk (4, 5). Conse- 
quently, an assumed consumption rate of 1 liter 
a day would constitute a conservative basis for 
consideration of any emergency action if large 
releases of radioactivity should occur. Informa- 
tion on radionuclide levels and regional con- 
sumption using available Federal milk market- 
ing data would help to locate the most 
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vulnerable geographic area and, through 
adjustments similar to those shown in table 38, 
would provide an indication of intake by 
various age groups within individual markets. 
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CESIUM-137 IN FOOD—A SUMMARY OF RESULTS ON SELECTED 
FOODS IN THE UNITED STATES, JULY 1962 TO OCTOBER 1963 


Lloyd R. Setter, Donald Smith, and Mozart Spector’ 


SYNOPSIS—Cesium-137 content and cesium-137 to potassium ratios 
are summarized for nine staple foods sampled during a survey con- 
ducted for six consecutive quarters from July 1962 through October 
1963. Insofar as yom. the results have been grouped by the six 
broad geographical production regions that were previously used for 
comparing strontium-90 data for the same samples. 

The general trend of the cesium-137 to potassium ratios was similar 
to the strontium-90 to calcium ratios previously reported, being generally 
higher in fruits and vegetables than in milk; however, the lowest ratios 
were found in lettuce, cabbages, potatoes, and eggs. It was noted that 
the region-to-region variations of cesium-137 concentrations were 





pa than those of strontium-90 for whole milk, evaporated milk, 


read, apples, and oranges. 


As part of its program to assess radiation 
exposure from foods, the Division of Radio- 
logical Health has determined the cesium-—137 
content of selected staple foods sampled during 
six consecutive quarters beginning in July 1962. 
For the reader’s information it is pointed out 
that food consumption data were obtained by 
separate concurrent household surveys con- 
ducted from July 1962 to April 1963. A part 
of the food consumption data was previously 
reported (1, 2). The sampling and analytical 
procedures used to develop cesium-137 data 
for this report have been described in a 
previous summary of strontium-90 results for 
the same samples (2). 

Table 1 summarizes the number of cesium- 
137 analyses of each kind of food conducted 
during each survey quarter. Detailed analytical 


1The authors are staff members of the Technical 
Operations Branch, Division of Radiological Health, 
U.S. Public Health Service, Department of Health, 
Education and Welfare, Washington, D.C. Dr. Setter 
is physical science advisor for the Branch; Mr. Smith 
is chief, Field Testing Group; and Mr. Spector is 
chief, Statistical Analysis Group of the Radiation 
Intelligence System. 
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results for cesium-137 concentrations, and 
cesium-137 to potassium ratios are summarized 
in the appendix by respective maximum, mini- 
mum, median, arithmetic mean, and USS. 
average values for all foods, regions (see 
figure 1), and survey periods. 












































Table 1. Number of food samples analyzed for cesium-137 
collected in conterminous United States, by survey quarters 
1962 1963 
Food samples Total 
| 
July | Oct | Jan | Apr | July | Oct 
Ws WN Se rien cencce 91 84 93 | 117 | 117 | 110 612 
evaporated.......... NS 48 35 34 25 28 170 
i nkccanhocawn 61 50 44 45 55 53 308 
Prue ayes... ef 13 47 29 25 | NS | NS 114 
i. . npiachewoetl NS |} NS| NS/| NS 14 ll 25 
) | EIR RIE: 13 14 13 12} NS | NS 52 
pe hes NS | NS/| NS| NS} 21] 25 46 
Vegetables: lettuce_......_. 40 26 24 15 | NS | NS 105 
cabbage.--..--.- NS | NS | NS/| NS 24 32 
hist WoleAdesctbab NS | NS 27 27 26 25 105 
SS - eens NS | NS 18 27 31 33 109 
Oleomargarine............ NS | NS/| 29/ 27/| NS| NS 
MEG t-ds ot chiecdebancal NS | NS! NS NS| 34 67 
| RE EE arpa UIP Es | 218 | 269 | 312 | 329 | 347 | 350 
CD NE iki his Sc kas ews iin s. - SiS 1,825 
“ lar pasteurized milk network samples of the Division of Radio- 
logical Health collected in the Bureau of Census regions during the house- 


hold survey periods. 
» Excluding coffee 
NS, no samples collected 
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Figure 1. Regional areas for 1962-1963 food survey—modified regions used by Morgan (4) 


Interlaboratory comparison of analyses 


Analytical control studies performed by the 
three participating Division laboratories in- 
dicated agreement within plus or minus 25 per- 
cent of the mean cesium-—137 to potassium ratio 
for 18 of 21 diet cross-check samples. Cross- 
check milk sample results showed agreement 
within plus or minus 5 percent of mean cesium— 
187 concentrations and plus or minus 8 percent 
of mean potassium concentrations. 


Average cesium-—137 contents of U.S. foods 


Among the survey results for the conter- 
minous United States (figure 2), the cesium— 
137 concentrations and cesium-137 to potas- 
sium ratios for evaporated milk, whole milk, 
meat, and bread generally increased throughout 
the study with a sharp rise appearing between 
the fourth and fifth quarters. It is of interest 
to note that similar patterns were found in 
the strontium—90 and strontium-90 to calcium 
ratios for these foods, as previously reported 
(3). 

Foods having the highest cesium-137 con- 
centration and cesium-137 to potassium ratio 
in this survey were evaporated milk, whole 
milk, cereals, and bread; foods having the 
lowest concentration of cesium-137 were 


146 


oleomargarine, eggs, lettuce, potatoes, and 
apples. Eggs, potatoes, and leaf vegetables had 
particularly low cesium-137 to potassium 
ratios. 

In comparing cesium-137 content with 
previously reported strontium-90 content of 
foods (3), it is noted that most foods having 
low concentrations of cesium-137 also have 
low concentrations of strontium—90, and vice 
versa. Notable exceptions include meat, which 
was low in strontium-90 and high in cesium— 
137; lettuce and cabbage had comparatively 
high strontium-90 contents but were low in 
cesium-137. 


Regional variation of cesium—137 by 
sampling periods 


Except for somewhat reduced cesium-137 
concentrations in foods of the Southwest, the 
cesium-—137 concentrations in foods of the other 
five regions had a common mean value each 
quarter. Consequently, a detailed regional 
examination of the results for each sampling 
period appeared of limited value. 


Regional variation of cesium—137 by 
harvest years 


The average of median and mean values for 
each sampling has been used for harvest year 
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Figure 2. U.S. average cesium-137 in food by sampling period 


comparisons of cesium-137 in whole milk 
(pCi/liter) and other foods (pCi/kg). The 
four sampling periods from July 1962 through 
April 1963 define harvest year 1962, and the 
sampling periods of July and October 1963 


have been considered representative of harvest 
year 1963. These results are presented in tables 
2 and 8 and plotted in figure 3. For comparison 
with whole milk values, the evaporated milk 
was computed as reconstituted evaporated milk 


Table 2. Cesium-137 in foods by harvest year and region (concentrations in pCi/kg) * 














Food item United South- North- | Central | North- South Delta 
States west west east 
Harvest year 1962 

Evaporated milk. ................ 113.0 690.0} >119.0 | ©122.0 | »©116.0 | » 138.0 © 92.0 
Reconstituted evaporated milk 4___- 60.0 45.3 60.2 61.5 58.8 69.7 46.4 
: | 61.5 39.4 73.4 57.2 73.8 58.4 66.9 

47.5 52.0 | (f) 43.0 (f) > 47.8 (f) 

43.6 40.0 © 33.0 42.0 © 62.0 37.0 (f) 

14.7 4.0 12.7 15.5 25.7 16.0 (f) 

12.0 25.0 © 26.0 5.0 62.0 2.5 (f) 

14.0 14.5 €11.2 ©5.7 °14.0 35.0 (f) 

8.0 3.0 (f) 9.5 13.2 5.7 (f) 

6.5 £1.0 (f) ®5.2 £10.7 £9.0 ( 

Harvest year 1963 

Evaporated milk..............-.-- 298.0 157.0 | €331.0 | 306.0 381.0 303.0 (f) 

Reconstituted evaporated milk 4_--- 157.0 83.0 174.0 161.0 159.0 t 
WEEE occ la kee ducccnctuceke 131.0 73.0 181.0 112.0 176.0 122.0 121.0 

RENEE, cticenin osieisbe sortie 118.0 97.0 (f) 133.0 (f) 128.0 (f) 

WUE MED oe chcdeicdicscsicces 0 62.0 (f) 89.0 81.0 101.0 (f) 

EE Sk. dhciveconthnntilnonhil (f) 7.2 (f) (f) (f) 74.0 (f) 

CUS Sd cvdcisactavcestdbswee 2.8 0.5 £0.0 0.7 5 67.2 (f) 

0 ET ee 36.6 £11.2 © 36.0 43.5 35.0 # 57.0 (f) 

7S Rp RS eS Ba Ee 5 6.0 (f) 3.5 0.0 €12.7 (f) 

i 146.0 
Die GRA oe cease ewe ddsusdes 5.0 


























® Sampled for four quarters in 1962 and for 2 quarters in 1963 except as follows: 


b Sampled for three quarters 
© Sampled for two quarters 


4 Reconstituted to calcium content in 1 liter of whole milk 


e pater 
! Insufficient data for calculation 
Sampled for one quarter 
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Food item United South- North- Central North- South Delta 
States | west west east 

rvest r 1962 

me set ~ TRS eee BERS 40.4| »23.4| %45.2| 37.4] 46.7] »42.0 © 48.0 
OSE eae eee 37.8 27.0 38.0 36.0 43.0 642.0 40.0 
NS See 43.0 47.0 ¢ 50.0 | 42.0 ¢ 56.0 30.0 (4) 
RR tin: «A 19.7 23.6) (d) | 19.1 (d) 22.2 | (4) 
a ce. negakininkce nant 11.8 3.4 6.0| 13.0 23.0 13.0 (a) 
Sie. shee eechonbinet 4.0 | 3.1 ©13.5 | 1.7 b1.2 0.5 (4) 
RR acigie Shien neh ecks 2.5 °3.7 e2.5| ¢1.2 °3.5 © 8.0 (4) 
Sith asienstussneuteeinees% 6.2 2.0} (d) 8.7 9.2 4.0} (a) 
ee, 18.2 ¢3.2 (d) ¢12.7 ¢ 32.0 ¢ 25.0 (4) 

| 

Harvest year 1963 
Bvaperated Psd cameeaereceane 90.0 46.0 | © 109.0 ¢ 88.0 112.0 96.0 (4) 
hn cvchuss chen aeeaanet | 85.0 51.0 120.0 70.0 113.0 81.0 82.0 
Do. cchkenectncucesbe 89.0 83.0 (d) 98.0 93.0 81.0 (4) 
ih inn cub bdinnntsineghos 49.0 48.0 (d) 52.0 (d) 47.0 (4) 
il en cia eks ckinenebatn 25.0 4.0 (d) (d) (d) 46.0 | (4) 
es on nae aboot 1.3 0.2 0.0 0.2 2.0 ¢7.0 | (4) 
ine insise ibeaesshuee } 8.7 e3.2 e9.5 | 11.0 7.7 ©12.0 | (4) 
condi i eh ndinenas scene tuel 4.0 4.2 (d) | 2.5 0.0 9.2) (@) 
ENR 25 SRE SNE 48.0 | 

inks cupesenrencens vee | 5.2 





























® Harvest year 1962 includes samples collected July 1962 to April 15, 1963 (four quarters) and harvest year 1963 


includes sampling in July and October 1963 (two quarters) except as follows: 


> Sampled for three quarters 

¢ Sampled for two quarters 

4 Insufficient data for calculation 
¢ Sampled for one quarter 


on the basis of the equivalent calcium content 
(1.2 grams) of 1 liter of whole milk. It is 
evident that the whole milk usually had less 
cesium-137 than the reconstituted evaporated 
milk. 

Reconstituted evaporated milk and whole 
milk had similar cesium-137 contents and 
cesium-137 to potassium ratios for each of the 
regions in harvest year 1962. The values for 
the Southwest averaged about 35 percent lower 
than those of the other regions. This pattern 
was repeated in harvest year 1963 with certain 
exceptions. Although the Southwest samples 
again had the least amount of cesium-137 in 
milk, the concentrations were about twice as 
high in 1963 as in 1962 and varied more in 
the other regions. 

Foods having the highest cesium-137 con- 
centrations (ranging from 33 to 74 pCi/kg) 
in harvest year 1962 were reconstituted 
evaporated milk, whole milk, bread, and meat. 
The same foods again had the highest cesium— 
137 concentrations in harvest year 1963, but 
at substantially higher levels (ranging from 
60 to 200 pCi/kg). Potatoes also showed 
marked increases in cesium-137 content in 
harvest year 1963. The cesium-137 content of 
cabbage was found to be low in 1963, and in 
most regions was lower than that of lettuce 
sampled in 1962. 
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In general, there appears to be no clear 
pattern of regional differences in cesium—137 
content in foods by harvest years except for 
the relatively low levels in milk from the 
Southwest. The general trend of the cesium- 
137 to potassium ratios appears similar to that 
of strontium-90 to calcium previously reported 
(3) ; however, variations from region to region 
are greater for whole milk, evaporated milk, 
bread, apples, and oranges. 


Harvest year ratio comparisons 


Six of the foods sampled in 1962 were also 
sampled in 1963. Meat is included with these 
even though beef was sampled in 1962 and 
pork was sampled in 1963. The magnitude of 
the cesium-137 to potassium ratios for these 
foods in 1963 relative to the 1962 ratios are 
shown in table 4. 

Considering first whole milk and evaporated 
milk, it may be noted that the 1963/1962 ratios 
vary from 1.89 in the Southwest to 3.16 in the 
Northwest with a median value of 2.28. If to 
these two foods are added the values for bread, 
meat, potatoes, and eggs, the ranges are wider: 
(0.2 for meat in the South to 9.2 for potatoes in 
the Central region), although the median (at 
2.06) is relatively unchanged. In the previous 
report it may be observed that the ratio of 
calcium for the 2 years 1963/1962, was 1.8. 
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Figure 3. Cesium-137 in foods during harvest year 1962 


A similar compilation of the cesium-137 results 
for the 2 years gives a value of 2.24 for milk 
and an average value of 2.25 for the five foods 
(whole and evaporated milk, bread, eggs, and 
potatoes) or an apparent greater relative in- 
crease of 25 percent for cesium-—137 over that 
observed for strontium-90. 


The ratio of cesium—137 to 
strontium—90 as an indicator 


Cesium-137 determinations are usually non- 
destructive examinations of samples by multi- 
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channel gamma spectrometry, whereas radio- 
chemical techniques which are time-consuming 
and relatively expensive are necessary for 
determining strontium-90. The use of cesium-— 
137 concentrations to estimate the strontium-— 
90 content is therefore of considerable practical 
interest. For a general treatment of the subject, 
ratios of the cesium-137 concentration in 
table 2 as compared to the strontium-90 con- 
centrations previously reported (8) were 
derived for the six foods common to both 
harvest years. The results in table 5 show that 
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Figure 3—continued. Cesium-137 in foods during harvest year 1963 


the ratios of cesium-137 to strontium-90 vary 
widely between regions for most of the foods, 
ranging from 11.7 for 1962 potatoes to 0.4 for 
1963 eggs. The smallest variation in cesium- 
137 to strontium-90 ratio for any food was 
observed in bread, ranging from 3.1 to 4.6 
over both harvest years and all regions. 
Nevertheless, the average ratio for the five 
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foods in table 5 is about 4, or a very rough 
approximation of the strontium-90 would be 
one-fourth the cesium-137 concentration. 


Summary and conclusions 


Cesium-137 concentrations and cesium—137 
to potassium ratios for foods sampled during 
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Table 4. Cesium-137 in 1963 harvest food 
as compared to 1962 harvest food * 




















1871Cs/K for 1963 to '*7Cs/K for 1962 
Food ) | 
South- | North- |Central| North-| South | Delta 
west west east 

Evaporated milk _--_- 1.97 | 2.41 | 2.35 | 2.40 |} 2.28) (b) 
Whole milk--__._..--- 1.89 3.16 | 1.94 2.63 1.93 2.05 

i wckcUnccceccd | 1:77} @) | 233 | 1:67] 2:70) @) 

ics ssbeskasesasss 2.06 (b) 2.72 (b) 0.20 (b) 

Potatoes_........-.. 0.87 3 9.20 2.20 1.50 (b) 

Ub Ga cictossseced 2.10 (b) 0.29 0.0 1.84 (b) 








* Foods including meat which were not commonin both harvest years and 
their respective 1°7Cs/K ratios for the 2 years were as follows: 1963 lean 
pork/1962 beef—0.20 to 2.72 (see above), 1963 cabbage/1962 lettuce—0 to 
14 with an average of 0.33, and 1963 oranges/1962 apples—2.12 to 3.55 
with an average of 2.83. 

> Insufficient data for ratio calculation 


Table 5. Ranges of regional ratios and U.S. 
average of cesium-137 to strontium-90 concentrations * 





























Range, pCi '*7Cs/pCi Sr 

Har- US. 

Food vest aver- 

year | Maxi- Region Mini- Region age 

mum mum 

Whole milk.._.| 1962 6.0 | Southwest 2.2 | Delta 3.8 
1963 5.8 | Southwest 3.4 | Delta 4.7 
Evaporated 1962 7.1 | Northwest 2.1 | Delta 4.0 
milk 1963 7.5 | Northeast 4.3 | South 6.1 
Bread - _.--_--. 1962 4.6 | Northeast 3.1 | Central 3.9 
1963 4.5 | South 3.8 | Southwest 4.0 
Potatoes ---..-- 1962 | 11.7 | South 2.6 | Central 4.7 
1963 | 10.9 | Central 3.5 | Southwest 7.5 
eee 1962 5.6 | Central 0.7 | Southwest 2.8 
1963 3.2 | South 0.4 | Central 1.0 








* Strontium-90 results used to evaluate these ratios were taken from an 
earlier report (3). 


this survey are summarized, grouping the re- 
sults by six broad geographical regions of pro- 
duction, insofar as possible, irrespective of the 
market from which the food was collected. 
The highest concentrations of cesium-—137 
observed in these foods were found in 
evaporated and whole milk, cereals, meat, and 
bread. 
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It is concluded that the general trends of 
regional highs, lows, and increases in cesium— 
137 to potassium ratios during this study 
resemble those of the previously reported 
strontium-90 to calcium ratios for these foods. 
Regional variations on a harvest year basis 
were less discernible for meat (beef or lean 
pork) and eggs than for other foods. 

The cesium-137 concentration and _ the 
cesium-1387 to potassium ratios are generally 
poor indicators of strontium-90 in milk or any 
of the other foods tested, except as a rough 
estimate; however, it may be possible to apply 
a factor which may be suitable for estimating. 
strontium-90 concentrations from cesium-137 
data for individual foods in relatively restricted 
areas. 
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Appendix. Cesium-137 in milk and food, July 1962-October 1963 












































Cesium-137 Cesium-137/potassium, pCi/g 
Month | Number a 
Food Region and of ] | | 
year | samples; Mini- Maxi- | Median| Mean Mini- Maxi- | Median| Mean 
mum mum } mum mum 
| | 
} 
Milk, evaporated (concentration in | Southwest -.-..--. 1962 
pCi/kg) oe. 10 0 112 57 58 0 43 16 19 
196. 
Jan 10 20 200 88 92 6 67 29 
Apr 350 120 123 8 102 34 35 
July 10 140 310 192 205 44 56 
Oct 7 65 350 92 141 19 109 27 41 
Northwest -_- -.-- 1962 
Oct 4 40 150 107 101 13 52 41 37 
1963 
Jan 1 _ — —_ 110 — _ —_ 37 
Apr 3 95 100 150 135 28 44 42 38 
Oct 3 80 390 380 283 52 120 113 105 
Central. ....... 1962 
Oct 16 0 170 0 60 0 51 0 18 
1963 
Jan 45 230 160 153 13 69 47 45 
Apr ll 130 180 177 37 64 53 52 
Oct 290 350 300 313 78 109 
Northeast _ - _--- 1962 
. 4 130 250 155 172 35 78 40 48 
196. 
Jan 6 25 230 140 135 7 56 39 36 
Apr 5 150 190 160 166 41 54 46 47 
July 8 140 450 335 325 39 140 113 95 
Oct 8 290 640 430 434 85 139 116 123 
ee ees 1962 
Oct 10 0 140 0 24 0 42 0 16 
1963 
Jan 10 250 190 171 24 72 54 50 
Apr 3 160 250 230 213 49 78 72 66 
July 7 170 1,900 220 504 45 619 72 155 
Oct 7 130 225 | 263 44 120 71 85 
| eeereee: 1962 
=. 4 0 240 85 102 0 70 20 28 
1 
Apr 140 190 190 173 4t 64 58 55 
United States.._.| 1962 
Oct 48 71.0 22.0 
1963 
Jan 35 136.0 40.0 
Apr 34 160.0 47.0 
July 25 237.0 97.0 
Oct 28 268.0 91.0 
Milk, fluid (concentration in pCi/ | Southwest... --- 1962 
liter) July 13 0 95 10 27 0 67 6 18 
Oct 7 15 170 40 41 7 131 13 33 
1963 
Jan 7 20 90 40 41 11 60 18 25 
Apr 14 0 150 57 59 0 115 35 39 
July 14 15 52 102 10 48 65 
Oct 10 30 190 50 18 122 37 53 
Northwest... .- 1962 
July 10 35 75 67 54 25 46 38 38 
Oct 9 55 110 70 79 36 73 44 49 
1963 
Jan 82 63 52 42 38 
Apr 12 70 145 82 46 103 53 59 
July 12 130 290 205 | 211 73 226 149 146 
Oct il 110 200 150 157 67 128 
Central. ......... 1962 
July 24 0 47 6 53 34 35 
Oct 25 0 100 45 51 0 66 30 33 
1963 
Jan 22 35 70 65 22 54 40 40 
Apr 30 0 110 65 65 73 42 45 
July 30 70 210 130 130 45 153 81 85 
t 29 60 98 33 90 53 59 
Northeast - -.-.. 1962 
July 27 35 150 75 82 26 lil 50 56 
Oct 27 0 130 70 67 0 1 44 41 
1963 
Jan 28 45 130 75 79 31 83 45 48 
Apr 29 40 120 70 72 25 61 44 46 
July 30 120 360 200 210 72 225 134 135 
Oct 30 70 280 140 155 51 177 85 97 
Re 1962 
July 10 0 110 53 53 0 91 39 39 
Oct 12 20 115 45 49 15 88 31 35 
1963 
Jan 23 0 100 55 54 0 71 39 37 
Apr 24 40 180 75 83 27 128 54 60 
July 45 270 140 146 30 203 88 98 
Oct 22 40 97 107 28 212 65 74 
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Appendix—continued 























Cesium-137 Cesium-137/potassium, pCi/g 
Month | N umber 
Food Region and of 
year |samples| Mini- Maxi- | Median| Mean Mini- Maxi- | Median| Mean 
mum mum mum mum 
Milk, fluid—continued BPMs cedciivcs 1962 
July 7 40 100 70 68 32 81 50 50 
vate 4 30 55 35 39 21 39 25 28 
1 
Jan 7 30 75 55 52 21 54 42 38 
Apr 8 55 1 110 | 106 36 78 76 
July 8 80 170 1 136 52 112 100 91 
Oct 8 70 140 105 102 43 95 71 68 
United States...) 1962 
July 91 58.3 40.7 
Oct 84 57.4 39.4 
1963 
Jan 93 64.0 40.0 
Apr 117 75.0 43.0 
July 117 160.0 106.0 
Oct 110 114.0 71.0 
Bread (concentration in pCi/kg) Southwest... ... 1962 
July & 10 40 26 91 37 45 
y~ 5 10 20 75 50 48 22 81 55 53 
1 
Jan 13 0 50 35 33 0 92 43 40 
Apr 15 30 80 45 47 3 53 52 
July 12 30 75 45 48 31 119 59 60 
Oct 1l 60 95 75 77 81 173 119 116 
Northwest-._... 1962 
July 4 20 30 39 31 130 42 51 
Oct 4 25 45 38 36 28 76 52 
| ee 1962 
July 13 0 50 0 15 0 55 0 25 
Oct 0 60 13 21 0 19 27 
1963 
Jan 10 0 90 72 64 0 95 74 68 
Apr 10 45 90 8 74 47 80 64 63 
July 45 90 69 53 96 80 72 
Oct 20 60 200 110 | 108 57 162 125 117 
Northeast... .. 1962 
July 10 0 0 0 0 0 
Oct 60 95 75 75 48 87 77 70 
1963 
Jan 10 25 140 90 90 22 118 82 
Apr 10 60 95 85 82 47 83 73 69 
July ll 0 120 65 64 105 
Oct 65 160 90 | 106 173 123 124 
ee ee 1962 
July 16 — -- _ _ 0 100 0 16 
Oct 11 0 50 0 5 35 0 
1963 
Jan 11 30 90 65 56 95 69 59 
Apr 10 20 80) 53 51 20 56 42 39 
July 12 35 120 87 77 31 86 57 59 
Oct 15 65 170 120 | 120 60 168 107 103 
DI ccepncesed 1962 
July 5 0 344 0 69 0 105 0 3 
United States...| 1962 
July 61 12.2 23.2 
Oct 50 29.5 33,2 
1968 
Jan 44 59.0 62.0 
Apr 45 62.0 55.0 
July 55 65.0 64.0 
Oct 53 87.0 109.0 
Lettuce (cencentration in pCi/kg) Southwest__...-. 1962 
July 8 0 900 15 | 164 0 68 2 14 
Oct Q 0 50 0 6 0 19 0 2 
1968 
Jan 15 0 35 0 2 0 8 0 1 
Apr 0 40 0 10 0 15 0 6 
Northwest... ... 1962 
July 5 25 65 53 47 20 35 27 26 
Oct 4 0 15 0 0 13 3 
Central. ....... 1962 
July 16 0 0 0 0 0 0 0 0 
Oct 6 0 0 0 0 0 0 0 0 
1963 
Jan 6 0 50 20 22 0 13 7 7 
Apr 4 0 0 0 0 0 0 0 
Northeast... .... 1962 
July 10 0 117 0 12 0 90 0 o) 
Oct 6 0 0 0 0 0 0 0 
1963 
Apr 1 — a od _ _ _ 
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Cesium-137 Cesium-137/potassium, pCi/g 
Month | Number 
Food Region and of 
year | samples; Mini- Maxi- | Median| Mean Mini- Maxi- | Median| Mean 
mum mum mum mum 
Lettuce—continued a eee 1962 
July 1 = — — 0 _ _ _ 0 
Oct 1 _ _ _ 0 _ - - 0 
1963 
Jan 3 0 15 0 5 0 4 0 2 
Apr 4 0 20 0 5 0 10 0 2 
United States...| 1962 
July 40 42.0 8.0 
Oct 26 3.0 1.0 
1963 
Jan 24 7.5 2.3 
Apr 15 6.0 2.4 
Cabbage (concentration in pCi/kg) Southwest... ..- 1963 
July 4 0 0 0 0 0 0 0 0 
Oct 6 0 10 0 2 0 5 0 1 
Northwest. _.... 1963 
Oct 2 0 0 0 0 0 0 0 0 
Central. ....... 1963 
July 4 0 0 0 0 0 0 0 0 
Oct ll 0 15 0 3 0 Q 0 1 
Northeast... .-- 1963 
July 1l 0 0 0 0 0 0 0 0 
Oct 13 0 75 0 10 0 28 0 4 
ee eee 1963 
July 5 0 25 15 14 0 13 & 7 
United States...| 1968 
July 24 2.9 1.4 
Oct 32 5.3 2.4 
PE ciebeb cusnehedaevccsuines seceecbesnawd 1963 
July 6 0 120 20 42 0 36 7 15 
Oct 8 0 55 30 32 0 18 i) gy 
Apples (concentration in pCi/kg) Southwest _._..- 1962 
July 1 _ — -- 0 _ — a 0 
Oct 5 0 5 0 1 0 + 0 1 
1963 
Jan 2 0 0 0 0 0 0 0 0 
Apr 2 15 15 15 15 12 14 13 13 
Northwest... ... 1962 
July 4 0 25 15 14 0 25 18 15 
Oct 4 0 0 0 0 0 0 0 0 
1963 
Jan 5 0 60 0 15 0 42 0 12 
Apr 6 10 65 25 33 9 23 18 17 
Central. ....... 1962 
July 4 0 0 0 0 0 0 0 0 
Oct 15 0 40 0 16 0 39 0 15 
1963 
Jan 8 25 80 37 44 20 58 32 36 
Apr 4 0 30 13 14 0 26 10 14 
Northeast... ..- 1962 
July 2 0 0 0 0 0 0 0 0 
Oct 15 0 55 35 35 0 68 29 37 
1963 
Jan 10 25 80 45 46 20 70 4l 40 
Apr 10 0 50 25 20 0 53 19 20 
ee aa 1962 
July 2 0 0 0 0 0 0 0 0 
Oct 8 0 0 0 0 0 0 0 0 
1963 q 
Jan 4 30 45 30 34 25 37 25 28 
Apr 3 25 45 30 33 20 31 27 26 
United States...| 1962 
July 13 4.3 4.6 
Oct 47 16.3 17.1 
1963 
Jan 29 35.2 29.1 
Apr 25 19.0 23.0 
Oranges (concentration in pCi/kg) Southwest... .. 1963 
July 12 0 35 7 14 0 18 5 7 
Oct ro) 0 20 0 8 0 11 0 4 
BN acbccneus 1968 
July 2 45 90 68 68 22 55 38 38 
Oct 2 75 85 80 80 45 66 54 54 
United States ___ 1963 
July 14 20.0 12.0 
Oct ll 21.0 12.0 
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Cesium-137 Cesium-137/potassium, pCi/g 
Month | Number 
Food Region and of 
year |samples| Mini- Maxi- | Median| Mean Mini- Maxi- | Median| Mean 
mum mum mum mum 
Oranges—continued 
Peiseenscdsgenceschapeccanlbecepeescdegpucne 1963 
July 8 25 120 62 64 65 39 36 
Oct 3 55 240 70 122 31 99 32 57 
Eggs (concentration in pCi/kg) Southwest. -.... 1963 
Jan 8 0 0 0 0 0 0 0 
Apr 12 0 20 5 7 0 15 3 5 
July 4 0 15 0 4 0 ll 0 3 
Oct 5 5 15 10 10 3 10 7 7 
Central. ....... 1963 
Jan 6 0 20 10 9 0 14 12 7 
Apr 6 0 55 5 14 0 37 5 ll 
July 8 0 30 0 6 0 22 0 5 
Oct 6 0 25 0 0 17 0 5 
Northeast --_.... 1963 
Jan 7 0 35 15 16 0 22 o) 13 
Apr 6 0 25 10 12 0 16 7 8 
July 9 0 0 0 0 0 0 0 0 
Oct 8 0 0 0 0 0 0 0 0 
BOCA... ccccaccs 1963 
Jan 6 0 10 0 3 0 3 3 
Apr 3 0 20 10 10 0 16 7 7 
July 5 10 20 10 13 7 15 8 10 
Oct 6 0 20 15 13 0 15 10 
United States...| 1963 
Jan 27 7.0 6.0 
Apr 27 10.0 7.3 
July 26 5.4 4.0 
Oct 25 7.5 5.0 
Beef (concentration in pCi/kg) Southwest... _.. 1962 
July 3 30 140 80 83 12 53 42 36 
Oct 2 20 35 27 28 9 15 12 12 
1963 
Jan 4 25 60 30 37 14 33 16 20 
Apr 4 25 85 68 61 10 40 26 25 
Northwest... ..-. 1963 
Jan 1 _— = _— 80 _ — _ 26 
Central... ....- 1962 
July 3 0 45 0 15 0 18 0 6 
Oct 7 0 90 30 32 0 38 13 13 
1963 
Jan 6 0 240 60 82 0 110 28 36 
Apr 8 0 120 60 64 0 56 26 31 
Northeast - . . ..- 1962 
July 2 0 0 0 0 0 0 0 0 
BOG «4 ok timod 1962 
July 5 35 290 40 95 0 131 16 46 
Oct 5 0 130 25 47 0 64 13 22 
1963 
Jan 2 15 65 40 7 30 18 18 
United States...| 1962 
July 13 59.0 27.0 
Oct 14 37.0 16.0 
1963 
Jan 13 61.0 28.0 
Apr 12 64.0 29.0 
Pork (concentration in pCi/kg) Southwest____.. 1963 
July 3 30 90 75 5 20 44 38 35 
Oct 2 110 140 125 125 59 62 60 60 
Ch. 5. acd 1963 
July 11 35 440 110 120 19 132 47 53 
Oct 15 55 500 130 171 17 187 51 59 
SA 1963 
July 7 60 170 120 119 26 62 43 42 
Oct 8 45 240 140 133 18 110 54 51 
United States...| 1963 
July 20 112.0 46.0 
Oct 32 154.0 73.0 
ERE EES MS NT TES 1963 
July 9 0 180 65 84 0 132 43 46 
Oct 13 25 85 50 67 12 87 29 37 
Potatoes (concentration in pCi/kg) Southwest... _... 1963 
Jan 2 0 30 15 15 2 6 4 4 
Apr 4 0 20 15 13 0 5 4 3 
July 16 0 40 0 10 0 1l 0 3 
Oct 4 0 50 15 20 0 ll 5 5 
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Cesium-137 Cesium-137/potassium, pCi/g 
Month | Number 
Food Region and of 
year |samples| Mini- Maxi- | Median| Mean Mini- Maxi- | Median| Mean 
mum mum mum mum 
Potatoes—-Continued Northwest __._-- 1963 
Jan 5 0 35 20 19 7 4 
Apr 4 25 0 6 0 5 0 2 
Oct 7 10 2. 20 52 66 6 13 
Central... ..... 1962 
Jan 3 0 20 10 10 0 4 2 2 
Apr 9 0 20 0 3 0 5 0 1 
Oct 12 20 85 40 47 5 19 1l ll 
Northeast - - ...- 1963 
Jan 8 0 55 25 24 0 13 6 6 
Apr 8 0 0 7 0 5 0 2 
July 6 0 75 0 15 0 17 0 4 
Oct 10 45 75 65 60 10 18 14 13 
Beeeeuthccccde 1963 
Apr 2 35 35 35 35 7 & 8 
July 25 110 55 6 28 12 12 
United States...| 1963 
Jan 18 20.0 4.7 
Apr 27 8.5 2.4 
July 31 24.0 6.0 
Oct 33 49.0 12.0 
Bhs cakcschdss noah Whenscatneatbbawnntibesdu 1968 
July 9 0 40 38 7 21 8 8 
Oct 5 25 110 45 57 5 20 10 ll 
Oleomargarine (concentration in | Southwest... .. 1963 
pCi/kg) Jan 7 0 0 0 0 0 0 0 0 
Apr 6 0 25 0 4 0 66 0 13 
Central. ....... 1963 
Jan 3 0 15 10 & 0 31 26 16 
Apr 9 0 15 0 3 0 47 0 9 
Northeast......| 1963 
Jan 8 10 35 20 23 27 95 64 64 
Apr 4 0 0 0 0 0 0 0 0 
he ee 1963 
Jan 11 0 20 10 7 0 60 30 17 
Apr 8 0 30 10 y 0 66 26 27 
United States...| 1963 
Jan 29 | we | | 26.7 
Apr 27 | | 4.4 13.8 
Cc ba we cndshAsbeasndbneste | wipes 4 oRis cde 1963 | | | 
SE Rcsibales scene -ocas boledngsubdeswnihh July 5 0 50 ae Fe o| 28 o| 6 
Oct 7 0 50 o| uw | o| 48 0 15 
ih on Lina sdk agiidutbiunizendéciinenhe July y 40 250 150 156 } 13 92 53 59 
Oct ll 75 770 250 206 «j 52 164 101 v8 
EE ape Le SNe Se le July 4 0 350 175 142 | 95 | 57 63 
Oct 4 200 280 215 | 228 | 60 106 | 79 80 
SGT a A REL SRS LS Op | July 8 0 130 30 | 38 0 63| 35 33 
Oct 5 0 120 30 ee 0 165 | 34 56 
I. . i cn nan diecubuleastiinomdoahs ont July 3 110 150 140 133 CO; 46 58 | 47 50 
Oct 2 150 240 195 195 98 98 | 98 98 
Tes CSE ee eae Eee men July 2 150 490 | 320 28 39 | 38 38 
Oct 4 160 | 810 277 | 381 19 80 35 45 
United States...| 1983 | 
July 34 99.0 36.0 
Oct 33 193.0 | 61.0 
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Data 


Section I. Milk and Food 


In the determination of the internal exposure 
to man from environmental radiation sources, 
primary interest centers on radionuclides in 
the diet. Efforts are being made by both 
Federal and State agencies to monitor the 
intake of various radionuclides in the total diet 
on a continuing basis. Although the total diet is 
the most direct measure of intake of radio- 
nuclides, indicator foods may be used to 
estimate dietary intake where specific dietary 
data are not available. As fresh milk is con- 
sumed by a large segment of the U.S. 
population and contains most of the biologically 
significant radionuclides from nuclear test 
debris which appear in the diet, it is the single 
food item most often used as an indicator of 
the population’s intake of radionuclides. More- 
over, it is the major source of dietary intake of 
short-lived radionuclides. In the absence of 
specific dietary information, it is possible to 
approximate the total daily dietary intake of 
selected radionuclides as being equivalent to 
the intake represented by the consumption of 
1 liter of milk. More direct estimates of dietary 
intake of radionuclides than those furnished 
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by indicator foods can be obtained by analyses 
of the total diet or representative principal 
food items or groups combined with appro- 
priate consumption data. 


The Federal Radiation Council has developed 
Radiation Protection Guides (RPG’s) for 
controlling normal peacetime operations, 
assuming continuous exposure from intake by 
the population at large (1-3). The RPG’s do 
not and cannot establish a line which is safe 
on one side and unsafe on the other; they do 
provide an indication of when there is a need 
to initiate careful evaluation of exposure (3). 
Additional guidelines are provided by the Inter- 


national Commission on Radiological Protec- 
tion (4, 5). 


Data from selected National, International, 
and State milk and food surveillance activities 
are presented herein. An effort has been made 
to present a cross section of routine sampling 
programs which may be considered of a con- 
tinuing nature. Routine milk sampling has 
been defined as one or more samples collected 
per month. 
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NATIONAL AND INTERNATIONAL MILK SURVEILLANCE 


As part of continuing efforts to quantita- 
tively monitor man’s exposure to radionuclides, 
various National and International organiza- 
tions routinely monitor radionuclide levels in 


milk. Data from the Pasteurized Milk Network 
(U.S.), Canadian Milk Network, Pan Amer- 
ican Milk Network, and the HASL milk pro- 
gram are presented below. 





1. Pasteurized Milk Network 
November 1965 


Division of Radiological Health 
and Division of Environmental 
Engineering and Food Protection, PHS 


The Public Health Service’s Pasteurized 
Milk Network (PMN) was designed to provide 
nationwide surveillance of radionuclide con- 
centrations in milk through sampling from 
major milk production and consumption areas. 


The present network of 63 sampling stations 
(figure 1) provides data on milk in every 
State. In addition, milk is sampled in the Canal 
Zone and Puerto Rico. The most recent descrip- 
tion of the sampling and analytical procedures 
employed by the PMN appeared in the Decem- 
ber 1965 issue of Radiological Health Data (1). 

The results for November 1965 and third 
quarter of 1965 are presented in table 1. The 
average monthly radionuclide concentrations 
are based on results obtained from samples 
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Figure 1. Pasteurized Milk Network sampling locations 
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Table 1. Average concentrations of stable elements and radionuclides in pasteurized milk for the third quarter and 



































November 1965 * 
Calcium Strontium-89 Strontium-90 Cesium-137 
(g/liter) (pCi/liter) (pCi/liter) (pCi/liter) 
Sampling locations Zt tme 
Third | Average} Third | Average| Third | Average Average 
quarter | for No- | quarter | for No- | quarter| for No- | Third | for No- 
vember vember vember | quarter | vember 
Ala: DES. Skin pececbbuscus cuvsewepesscovcudabupeltee 1.14 1.16 <5 <5 14 15 40 30 
Alaska: BIEL. «ncn sc ccannccsccressetengsccsnegstecestabhtesanwe 1.22 1.27 <5 <5 15 12 50 40 
BE) SI olds pocssadacndekasvobays ee actheecisadilimnaeere 1.22] 1.26 <5 <5 4 5 20 15 
Ark: RRs 5s wocnndsecnacesaeuecsmeisniseeensent tigteehase 1.14 1.20 5 <5 28 27 50 25 
Calif: Nn 5 sa sekdecédcegucccendesvoctsedh udnabeigeauaadas 1.28 1,24 <5 <5 5 5 25 20 
ED BEND» non ccccuegdicwnsuescssecssempedumediae eee 1.25 1,28 <5 <5 5 4 20 15 
C. Z: Se. nc wadneurasteh Enos gh nite oud bisidaie saad 1.10 1.13 <5 <5 4 4 30 35 
Colo: NCAAs: Sncvigs ti abitiec de 4 boi Gd 6 leh dacnin > gies Saeblninds haxines oe aeegaaenaaas ae 1.28 1.27 5 <5 14 ll 40 20 
Conn: INS isin dk pink civknd pened ode ok epecmamemuiaaeniaann aed 1.09 1.12 <5 <5 13 13 50 40 
Del Wilmington P 1.11 1.14 <5 <5 15 13 40 35 
D.C: CS See ae ae 1.13 1.18 <5 <5 13 14 30 25 
Fla: MIN 6 BE abo op cedicnp ccbuw nti scnss ddonbudiheoudabanvbass 1.16 1.17 <5 <5 12 16 175 140 
Ga: PE, bib Scinocictuneuied sbcnndehsnestkmetaudde sean 1.14 1.17 <5 <5 20 19 55 45 
IE DER OOO LANES EES 1.16 1.16 <5 <5 6], 7 40 40 
Idaho NES 65 kb bniw de wscbheacteebnnkasel shal oustabinaae 1.27 1.27 <5 <5 16 14 50 40 
Ill: I <5 6d. cine wari hgibdeinwinagh cc dasamsa aiamee 1.11 1.14 <5 <5 11 11 35 35 
Ind: nee I Re NS CIPS oe TT 1.11 1.17 <5 <5 12 11 25 25 
Iowa: PD. nnd dicudadieduenGoaeneshtmemas bane eames 1.23 1.26 <5 <5 16 16 30 15 
Kans Ee ye eee St Re NE 1.19 1.26 <5 <5 14 13 25 15 
Ky BINS + 5. cochined ocG0k > ttiunaadad wokkhink at tebe abeiiees 1.12 1.15 5 <5 18 16 25 20 
La: OS EEE RICCI ED. EE RS 1.18 1.21 <5 <5 33 31 60 40 
| MEE cccwusdnidmcdddvdts becubovicchtwect enna baal 1.11 1,13 5 <5 20 18 90 65 
Md: TS <i waruon amgdigdmednistes ta ddde sabebbaeen ae 1.11 1.17 <5 <5 15 15 40 30 
Mass RCE AEE LO Mn er ee) nS 1.10 1.15 5 <5 19 16 80 60 
Mich: SRE Pe Se eke Se Ate = ee MA) ke TS ot 1.09 1.13 <5 <5 11 11 35 30 
SS ERED SE, SRS EE 1.13 1.17 <5 <5 14 14 45 40 
Minn: | gl RRR Rss FRE ITE te Se ee 1.28 1.26 5 <5 23 22 50 40 
Miss: ae ws oe i nmed bn eunbeuns olekewcilanstaee 1.18 1.22 <5 <5 25 25 25 
Mo: EIGER RPE SG RONEN 1.21 1.22 <5 18 17 25 15 
TE GT LINE) FELT ES, ETE 1.22 1.32 5 <5 16 20 15 
Mont I IE ec he ns eae aN i aa 1.27 1.26 5 <5 18 16 55 40 
Nebr STA CS a PR, Tega ET? eT i «BE 1.22 1.25 <5 <5 16 18 30 25 
Nev cain) nadedlgten on shcaemne ashwehddinwreeksieere 1.20 1.21 <5 <5 5 6 20 20 
N.H Manchester -_____- 1.11 1.14 <5 <5 21 18 105 65 
N. J I ek a I ie oe ee te ee 1.09 1.14 <5 <5 14 1l 40 25 
N. Mex: Albuquerque 1.24 1.22 <5 <5 6 20 10 
N.Y: ean Diode, RE spits 1.09 1.10 <5 <5 ll 12 45 45 
New York 1.09 1.10 <5 <5 17 14 55 35 
0 See ee Seles hse 1.09 1.10 <5 12 12 40 40 
N.C: OR, SR I Sa Se eee eee 1.13 1.17 <5 <5 24 27 40 25 
Mi Dek: Miast.....<.--..-2... 1.28 1.26 10 <5 31 30 55 40 
Ohio: Cincinnati _. 1.11 1.13 <5 <5 13 13 25 
Cleveland_____ 1.10 1.15 5 <5 13 12 35 25 
Okla: Oklahoma City- 1.11 1.18 <5 <5 14 14 25 20 
Ore: Portland ths 1.28 1.27 <5 <5 14 13 50 45 
Pa: Philadelphia. ______- 1.08 1.10 <5 <5 13 ll 35 30 
DN. ~usdnudéeddusnoesdedinestaniinndtan abel: 1.11 1.14 5 <5 20 18 50 35 
P.R OO ae 1.13 1.10 <5 <5 9 9 40 25 
R. I: Se ee ee 1.10 1.15 <5 <5 16 15 65 40 
S.C: STINT 1.14 1.19 <5 <5 23 27 70 55 
8. Dak: Rapid City._._._. 1.04 1.18 10 <5 20 22 50 45 
Tenn: Chattanooga 1.16 1.24 <5 <5 26 22 40 3 
| a RR SSR RE BG aI, 1.15 1.17 5 <5 20 18 25 20 
Tex: Austin_..__. 1.12 1.15 <5 <5 5 6 20 10 
Se -=2<>+=- 1.11} 1.15 <5 <5 12 13 25 20 
Utah: Salt Lake City_._._._._.__- 1.36 1.36 <5 <5 12 11 55 35 
Vt: Burlington. __ OW 1 TP Be ae 1.11 1.09 <5 <5 17 14 65 55 
Va: ae a ee ee 1.13 1.16 <5 <5 17 17 40 25 
Wash: i a eee Oe See een 1.28 1.28 <5 <5 18 17 70 45 
ON SIS, SEL 1.33 1.28 <5 <5 18 17 50 40 
W.Va: Charieston.:............. 1.12 1.14 <5 <5 18 16 25 20 
Wis: ) “SST - ear By 1.18 <5 <5 ll 11 40 40 
Wyo: A I + GEST ota eeapee Tele aed 1.28 1.23 <5 <5 14 25 
Network Opnte....61. |. ccneuwhaadtees decke cia dtlamsebemnenenaen 1.16 1.19 <5 <5 15.3 15.0 at 34 
































* All iodine-131 and barium-lanthanum-140 values were below detectable levels. 
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Table 2. Frequency distribution, strontium-90 concentra- 
tions in milk at Pasteurized Milk Network Stations, 


June-November 1965 and November 1964 


Table 3. Frequency distribution, cesium-137 concentra- 
tions in milk at Pasteurized Milk Network stations, 
June-November 1965 and November 1964 




















































































Number of stations Number of stations i 
Strontium-90 Cesium-137 
(pCi/liter) 1965 1964 (pCi/liter) 1965 1964 
June | July | Aug | Sep | Oct | Nov | Nov June | July | Aug | Sep Oct | Nov | Nov 
Under 10..........- 7 8} 10] . 9 6 Under 50........... 19| 34] 45| 50| 54] 57 15 ti 
a om win aled 21 34 41 44 46 43 a Rea 38 25 16 12 8 5 41 
Speen 29} 18] 11 7 7 9 19 PE iicaccccsed 5 3 1 0 0 1 4 E 
ED ta on ow ate 4 1 1 2 2 6 a 1 1 1 1 1 0 2 
Lh ccanwecneu 2 0 0 0 0 0 1  _ Sa Saeesee 0 0 0 0 0 0 1 fi 
IS atin dite 0 0 0 0 0 0 0 SE 0 0 0 0 0 0 0 
v 
h 
collected weekly. If radionuclide values were For comparative purposes, distributions of Pp 
below minimum detectable concentrations (1), | strontium-90 and cesium-137 are presented in | ae 
averages were calculated using one-half the tables 2 and 3 for June through November 1965 | a 
minimum detectable value; however, for iodine- and November 1964. The average strontium-90 
131 and barium-140, zero was used for concentrations in pasteurized milk from | V 
averaging purposes when concentrations were _ selected cities of the network are plotted in ' 1 
below minimum detectable levels. figure 2. e 
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Figure 2. Strontium-90 concentrations in pasteurized milk, 1961-November 1965 
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2. Canadian Milk Network 
November 1965! 


Radiation Protection Division 
Department of National Health and Welfare, 
Ottawa, Canada 


Since November 1955, the Radiation Protec- 
tion Division of the Department of National 
Health and Welfare has been monitoring milk 
for radionuclide concentrations. Powdered milk 
was originally sampled, but liquid whole milk 
has been sampled since January 1963. At 
present 16 milk sampling stations (figure 3) 
are in operation. Their locations coincide with 
air and precipitation sampling stations. 

Milk samples are collected three times a 
week from selected dairies and are combined 
into weekly composites. The contribution of 
each dairy to the composite sample is directly 
proportional to the liquid volume of sales. 
Weekly spot check analyses are made for 
iodine-131, and monthly composites are 


1Prepared from December 1965 monthly report, 
“Data from Radiation Protection Programs,” Canadian 
a of National Health and Welfare, Ottawa, 
anada. 


analyzed for strontium-90, cesium-137, and 
stable calcium and potassium. The analytical 
procedures were outlined in the December 1965 
issue of Radiological Health Data (2). 

The November 1965 monthly average stron- 
tium-90, cesium-137, and stable calcium and 
potassium concentrations in Canadian whole 
milk are presented in table 4. Iodine-131 and 
strontium-89 concentrations were below mini- 
mum detectable levels. 


Table 4. Stable elements and radionuclides in 
Canadian whole milk, November 1965 











R Calcium | Potassium} Stron- Cesi- 
Station (g/liter) (g/liter) tium-90 um-137 
(pCi/liter) | (pCi/liter) 
OO eee 1.13 1.6 20.2 60 
pS ee 1.12 1.6 18.3 58 
Bey iasichenaacun 1.11 1.6 33.4 79 
Fredericton. ............ 1.14 1.6 26.8 
PN lacs Sccdccskcnee 1,11 1.6 24.6 71 
SS EE NA 1.6 NA 41 
GU nctackact naka 1.14 1.6 14,9 38 
Gan costiccuclucas 1,11 1.6 25.6 76 
et eta ie g pier 1.14 1.6 15.7 38 
St. John’s, Nfid_....__.. 1.03 1.4 21.0 84 
Sees 1,15 1.6 20.0 37 
Sault Ste. Marie... .-... 1.03 1.6 26.5 74 
. a 1,15 1.6 7.2 32 
ee 1,19 1.5 22.5 100 
| aoe 1,15 1.5 10.4 22 
WEA ciestassmocs 1.06 1.5 18.7 57 
Bn 0p ckcuncsied 1.12 1.6 20.3 59 
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Figure 3. Canadian milk sampling stations 
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3. Pan American Milk Sampling Program 
November 1965 


Pan American Health Organization and 
Public Health Service 


The Pan American Health Organization 
(PAHO), in collaboration with the Public 
Health Service (PHS), furnishes assistance to 


health agencies in the American Republics in 


developing national radiological health pro- 
grams, 


Under a joint agreement between both agen- 
cies, air and milk sampling activities are con- 


ducted by a number of PAHO member coun- 
tries (figure 4), Results of the milk sampling 
program are presented below. Further infor: 
mation on the sampling and analytical proce- 
dures employed was presented in the December 
1965 issue of Radiological Health Data (3). 
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Figure 4, Pan American Milk Network sampling locations 


Table 5 presents stable calcium and potas- 
sium, strontium-90, strontium-89, and cesium- 
187 monthly average concentrations, The 
monthly average iodine-131 and barium-140 
concentrations in milk were less than 10 pCi/ 
liter. 
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Table 5. Stable element and radionuclide 
concentrations in PAHO milk, November 1965 








Stron- Stron- | Cesium 
Sampling station | Calcium |Potassium| tium-89 | tium-90 137 
(g/liter) | (g/liter) | (pCi/ | (pCi/ | (pCi/ 
liter) liter) liter) 
Canal Zone: 
Cristobal....... 113} 14 <b { §§ 
Jamaica: 
Kingston... NS; NS| NS| NM NB 


Mandeville... 1,0} 1,8) <5 9 180 
Montego Bay...) NS N8 NS NS NS 


Puerto Rico: 

















San Juan....... 1,10 1.5 <5 y 25 
Venezuela: 
Caracas....... 1,19 1,35 <5 4 10 





N8, no sample collected. 


4, Radiostrontium in milk 
April-June 1965 ° 


Health and Safety Laboratory 
U.S. Atomic Energy Commission 


In 1954, the Health and Safety Laboratory 
began monitoring strontium-90 in liquid whole 
milk in New York City to estimate the dietary 
contribution from ingestion of radiostrontium 
in milk. Subsequently, powdered milk monitor- 
ing was initiated at Perry, New York (1954), 
and at Mandan, North Dakota (1955). Liquid 
whole milk monitoring was started in Hono- 
lulu, Hawaii, in August 1959. 

The New York City sample is a monthly 
composite of pasteurized milk purchased daily 
in quart containers at retail stores. Five large 
dairies are represented in the sample. The 
Honolulu samples are monthly composites of 
quart samples of pasteurized milk collected 

*Data summarized from “Fallout Program Quar- 
terly Summary Report, HASL-165,” available from 
Clearinghouse for Federal Scientific and Technical 


Information, CFSTI, 5285 Port Royal Road, Spring- 
field, Virginia 22151. 
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weekly. Samples from two dairies are analyzed 
and the results are averaged. The Mandan and 
Perry samples are monthly composites of pow- 


dered milk collected in 5-pound lots from plants 
in each city. The Mandan sample is powdered 


buttermilk used in cattle feeds, Because of its 


protein and fat content, this buttermilk powder 


is used primarily as a milk replacer or feed 
supplement for calves. The Perry sample is 
powdered whole milk used for human consump- 
tion. The source of the Honolulu milk is a herd 
on the island of Oahu where the cows are on 


pasture throughout the year, 


Results 


The calcium and strontium-90 concentra: 
tions in liquid whole milk are given in table 6, 


and presented graphically in figure 5, Stron- 
tium-90 and calcium results for powdered milk 
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Figure 5, Strontium-90 in liquid milk samples, 
Honolulu, Hawaii, and New York City, 1960-June 1965 


Table 7, Strontium-90 and calcium in powdered milk, 


January-June 1965, and annual average strontium-90 
concentrations in powdered milk, 19591964 









































and powdered buttermilk are shown in tables 7 Sampling tation Calsim | Strontium [Strom 
. t trati trati ium rati 
and 8. The strontium-90 results for powdered oe “mks | (pCi/kg) | (pCi/e) 
milk and buttermilk are shown in figure 6. 
Perry, New York 
1959 average........... 8.0 
1960 average..........- 6.5 
196] average........... 6.2 
Table 6. Strontium-90 and calcium in liquid milk, January- oe average........... u | 
June 1965, and annual average strontium-90 concentrations fee. pdt 30'4 
in milk, 1959-1964 
1965 
Ta ax acnvieedsuhe 9.33 166 17.7 
Sampling station Calcium | Strontium-90 |Strontium-90/ BED, cecéuwdenc ote 8.51 121 14,2 
and periods — a =" a uk akbswaevnbad ey re as 
(g/liter) (pCi/liter (pCi/g) ME sdbevsccovenens , ° 
“ Z DC tecansisccsctedia 8,72 148 16,9 
SLL becccessaniiidl 10.0 134 13,3 
New York City 
1959 average........... ll 
1960 average........... 8.0 
1961 average........... 6.7 
1962 average........... 12 
1963 average........... 2 Table 8. Strontium-90 and calcium in powdered buttermilk, 
NUE SFEERGD + --ne0eene January-June 1965, and annual average strontium-90/ 
1965 calcium ratios in buttermilk, 1959-1964 
ts ccckwesweas 1.03 21.4 20.8 
ers 1,02 18.4 18.0 
MR tcdcibscwdcessen 1.01 21.4 21.1 Sampling station Calcium | Strontium-90 |Strontium-90/ 
Nad oat cake 1.04 19.8 19.0 and month concentration | concentration | calcium ratio 
iid cisdcseecveabad 1.02 23.3 22.9 (g/kg) (pCi/kg) (pCi/g) 
AE TT Aaa 1,15 20.7 18.0 
Honolulu, Hawaii Mandan, North Dakota 
1959 average..........- 5.0 1959 average........... 26 
1960 average.........-. 3.2 1960 average........... 15 
1961 average..........- 2.4 1961 average........... 9.4 
1962 average.........-- 4.3 1962 average........... 25 
1963 average.........-- 8.0 1963 average........... 58 
1964 average..........- 8.6 1964 average. .........- 62.7 
1965 1965 
NE 5. Scclncbbeede 1.04 8.2 7.9 Ss i ssncecuaaee 10.8 594 54.6 
SEED. « capeudnadane 1,02 7.8 7.6 Fobruary..........00- 10.4 §22 50.0 
ili sehopestemel 1.00 8.8 8.9 Siicidsconatcedsven 10.8 699 61.8 
RRS ale we 1,03 7.8 7.6 eo hetea nn dla 11,2 680 60.7 
Tl is baedadoctbadsont 1,07 7,2 6.8 | RARER 8.9 588 66.3 
Mi cc ceadl adds tdene 1,19 5.4 4.6 ) ORS, 12.7 411 $2.4 
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STRONTIUM-90 CONCENTRATIONS (pCi/kilogrom) 





Editor's note: “ 
Appronimately 0.1 kg of powdered 
milk is vied to prepare | liter of 
liquid milk. 
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Figure 6. Strontium-90 in powdered milk samples, 
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Perry, New York, and Mandan, North Dakota 
1960-June 1965 
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STATE MILK SURVEILLANCE ACTIVITIES 


Considerable progress has been made by the 


State health departments in initiating or ex- 


panding environmental surveillance activities 
in radiological health. Many of the States 


have progressed to a state of comprehensive 
environmental surveillance programs and self- 
sustaining radiological health laboratories. 
The continuing efforts of State health de- 
partments in the analysis and monitoring of 
radionuclides in milk complement Federal milk 


Program 


Period reported 


surveillance activities. State milk surveillance 


activities are continually undergoing develop. 


mental changes at present, The results pre- 


sented herein, while not inclusive, are repre- 


sentative of current surveillance activities 
directed at the use of milk as an indicator of 
dietary intake of radioactivity. 

Reports of State milk surveillance activities 
appeared in the following previous issues of 
Radiological Health Data and Reports: 


Last presented 





Colorado Milk Network 
Connecticut Milk Network 
Florida Milk Network 
Indiana Milk Network 
Michigan Milk Network 
Minnesota Milk Network 
New York Milk Network 
Oklahoma Milk Network 
Pennsylvania Milk Network 
Texas Milk Network 


October-December 1964 
April-September 1965 
January—June 1965 
July-September 1965 
July-September 1965 
January—June 1965 
April—June 1965 
March—July 1965 
July-September 1965 
January—March 1965 





April 1965 
February 1966 
January 1966 
February 1966 
February 1966 
January 1966 
January 1966 
October 1965 
February 1966 
October 1965 





1. California Milk Network 
July-September 1965 


Division of Environmental Sanitation 
State of California 
Department of Public Health 


Surveillance of specific radionuclides in 
milk is one phase of California’s Department 
of Health program of radiation control. This 
milk monitoring function has been conducted 
at eight milksheds since January 1960 by the 
Department’s Bureau of Radiological Health. 
With the addition of the Del Norte and Mendo- 
cino milksheds to the program in March 1962, 
weekly, biweekly, or monthly sampling of pas- 
teurized milk has been conducted at 10 major 
milksheds (figure 1). The original sampling 
locations were chosen by the State Department 
of Agriculture so as to be representative of 
milk consumed by a high percentage of the 
State’s population. A description of the various 
California milksheds was presented earlier by 
Heslep and Cornish (1). 


March 1966 























Figure 1. California milksheds 
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Strontium-89 and strontium-90 concentra- 
tions are determined radiochemically. Potas- 
sium—40, iodine-131, cesium-137, and barium- 
140 in whole fluid milk are determined by 
gamma-scintillation spectrometry. A detailed 
description of the analytical procedures was 
presented earlier (2). 

The monthly calcium and radionuclide con- 


centrations in California pasteurized milk are 
given in table 1 for the period July to Sep- 
tember 1965. 

Network average strontium-90 and cesium- 
137 concentrations are presented graphically in 
figure 2. Superimposed upon normal seasonal 
variations is a decreasing trend since the peak 
which occurred in the spring of 1963. 


Table 1. Stable elements and radionuclides in California milk, July-September 1965 








Element and month Del Fresno Hum- Los Mendo- Sacra- San Santa Shasta | Sonoma | Average 
Norte boldt Angeles cino mento Diego Clara 
Calcium (g/liter) 
aS ebbetinereacnedien 1.37 1.16 1.23 Rok .20 .00 1.15 1.10 1.31 1.17 
EE Gina cide ce ices teoe cn 1.38 1.23 1.21 Zo 1.15 1.17 1.11 1.12 1.12 1.20 1.18 
SE ae a ie 1.27 1.25 1.31 # 1.28 1.26 1 1.16 1.21 1.27 s 























‘ . 1,319 1,133 1,250 1,158 1,237 1,260 1,196 
ee leon cams et 1,189 1,157 1,157 1,351 1,262 1,230 1,161 1,177 1,237 1,213 
EROS GS TE 1,089 1,212 1,183 1,203 1,281 1,232 1,212 1,200 1,157 1,257 1,002 

Strontium-89 (pCi/liter) 

a ae i ES ae a 22.3 NA 1.5 20.9 ND e2.1 ND ND 0.9 
PE iivicibadhwhe a4 chee Sok 0.9 ND ND 20.14 ND #2.4 x. 20.9 ND *0.3 0.4 
I siienit ene ening anim 1.6 ND N 0 ND *1.0 ND ND 0.7 ND 0.3 

Strontium-90 (pCi/liter) 
nbed tamed a wall « tiem ieie od 33 5.3 8. 3.6 6.7 3.9 2.9 3.4 0.8 7.9 7.6 
Nth a cdaieairaliin Ain eisdyw ops 22 3.7 10. 2.4 5.3 3.5 on 5.0 0.8 6.2 6.1 
PRUNE. cacdbuleseoctcdccor 14 2.9 6. 2.7 4.4 3.9 2.6 2.8 0.5 4.7 4.5 

Cesium-137 (pCi/liter) 

OR Jas ao ENS SR 47 14 11 14 18 17 24 23 33 22 
PE dts iedtbictindaes.cbdienle 17 19 NA 2 21 *13 22 27 33 24 
II shes’ states tkins achhen tiie tna 23 17 12 18 21 1 15 28 24 

















NA, No analysis performed. 
ND, Below detectable level. 


* When the counting rate of the sample is not equal to at least twice the 0.95 error, the value reported is the best available estimate, but is not statis- 


tically significant. Where no value is given, no activity was detected. 
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Figure 2. Radionuclide concentrations in California 
milk network, 1960-September 1965 
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Previous coverage in Radiological Health Data and 
Reports: 





Period Issue 
July-September 1963 March 1964 
October-December 1963 June 1964 


January-March 1964 
April-June 1964 
July-September 1964 
October-December 1964 
January-March 1965 
April-June 1965 


September 1964 
December 1964 
March 1965 
June 1965 
September 1965 
December 1965 
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2. Oregon Milk Network 
July-September 1965 ' 


Division of Sanitation and Engineering 
Oregon State Board of Health 


The Oregon State Board of Health has 
monitored radionuclide concentrations in milk 
since March 1962. As part of this program 
routine milk samples are collected at eight 
major production areas (figure 3), which sup- 
ply 90 percent of the milk distributed in the 
State. Currently, pasteurized milk samples 
are collected monthly except in the Portland 
area where weekly samples are collected by 
the city of Portland. The milk sampling fre- 
quency is accelerated to a weekly basis in areas 
where iodine-131 concentrations exceed 100 
pCi/liter, or where cesium-—137 concentrations 
exceed 500 pCi/liter. Strontium—90. analyses 
are performed on a bimonthly basis, but may 
be done monthly when significant increases are 
observed. 


1 This work was summarized under the supervision of 
George L. Toombs, chief radiochemist, Oregon State 
Board of Health. 


Strontium-90 concentrations are determined 
using a trichloracetic acid analytical procedure 
(3). Iodine-131, cesium-137, and barium-140 
concentrations are determined by gamma- 
scintillation spectrometry (4). 

Table 2 gives the strontium-90 and cesium- 
137 concentration in pasteurized milk from 
July through September 1965. These data are 
presented graphically in figure 4. Iodine-131 
and barium-140 concentrations remained below 
minimum detectable levels. 


Table 2. Radionuclide concentrations in Oregon 
milk, July-September 1965 (pCi/liter) 











Sam- Strontium-90 Cesium-137 
Sampling locations pling 
fre- 
quency | July | Aug | Sep | July | Aug | Sep 

Pa cecaddédanesseae M 16 | NA ll 65 60 40 
oe eae M 25 | NA 12 75 60 35 
Richi tnctetren te sigh ieee M 10 | NA 11 35 30 35 

in ncnonnssakeakie M 11 | NA 11 85 35 30 
Ee pee M 17 | NA 19 60 50 
Portland composite - -- .-- WwW 15 13 16 55 45 50 
Portland local_.._.....-.- Ww 24 | NA 15 65 70 50 
NES aa M 13 | NA 10 50 60 60 
Ee snncinecskens4 M 38 | NA 26 | 105 | 65 80 
Average. ..... siulaiaidieineia oan 19 13 15 66 55 40 
































Key to symbols: M, sampled monthly 
W, sampled weekly 
NA, no analysis 
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Figure 3. Oregon milksheds 
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MONTHLY NETWORK AVERAGES 


CONCENTRATION (Ci/liter) 














Figure 4. Radionuclide concentrations in Oregon milk 
network, 1962—September 1965 


Previous coverage in Radiological Health Data and 


Reports: 
Period 





Issue 


October-December 1964 and 


Summary 1962-1964 
January-March 1965 
April—June 1965 


June 1965 
August 1965 
December 1965 





3. Washington Milk Network 
July-September 1965 


Air Sanitation and Radiation Control Section 
State of Washington Department of Health 


The Washington State Department of Health 
initiated a surveillance program for radio- 
activity in raw milk in December 1962. The 
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collection points shown in figure 5 were 
selected to provide samples representative of 
varying climatological conditions within the 
State’s two major milksheds. This sampling 
program provides representation for a large 
percentage of the State population’s milk sup- 
ply. In addition to the eight milk sampling loca- 
tions in Washington, milk is sampled from 
Northwest Idaho (Sandpoint), as this area 
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Figure 5. Washington milkshed production areas 
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forms a part of the Spokane milkshed. Details 
of the sampling procedures were presented 
earlier (5). 

Selected samples are radiochemically ana- 
lyzed for strontium-90. Potassium—40, iodine- 
131, cesium-137, and barium-140 concentra- 
tions are determined by gamma-scintillation 
spectrometry. Details of the analytical proce- 
dures were presented earlier (5). 

Table 3 presents monthly radionuclide con- 
centrations in Washington raw milk for July 
through September 1965. During this period 


iodine-131 and barium—140 concentrations re- 
mained below minimum detectable levels. 
Monthly average strontium-90 and cesium—137 
concentrations are presented graphically in 
figure 6, so as to display general trends. 


Zinc—65 was observed in Franklin County on 
two occasions during this period (table 4). This 
nuclide has periodically appeared in this 
county as a result of the irrigation of some 
pasture land with Columbia River water which 
has been shown .to contain this contaminant. 


Table 3. Radionuclide concentrations (pCi/liter) in Washington milk, July-September 1965 




































































Potassium-40 Strontium-90 Cesium-137 
Sampling locations 
July Aug Sept July Aug Sept July Aug Sept 

Te .. cé en deneasbabapbinnseke NS 1,184 NS 7 NS NS 30 NS 
— | PLY S RET 2 FFE See: 1,250 1,214 1,232 15 14 12 53 63 49 
Sy a A a aa ee ae ae Se Ee 1,365 1,192 1,156 12 15 1l 87 75 80 
Franklin NL. 1 os ie tite huh den bbebon 1,326 NS 1,250 6 NS 8 24 NS 28 

EL EE EEO, < 1,280 1,261 1,252 21 8 6 45 33 26 
Dt. . .cachldtuhaddehboatasnbhen 1,155 1,367 1,347 17 21 15 136 1114 70 
Ds ..dcanatecshdomasouwasneieed 1,303 1,369 1,198 31 30 25 138 160 106 
tin phi jpn peadansmoknaseethwanee 1,133 1,324 1,103 ll 10 10 49 50 30 
J Sl PRR ae ar FT 1,170 1,151 1,155 8 18 16 82 72 61 
cE seketdchensenncusscseusssuntaude 1,248 1,258 1,212 15 15 13 77 75 56 

NS, no sample collected 
MONTHLY NETWORK AVERAGES Table 4. Milk samples in Franklin County, 
Washington, containing zinc-65 

200} 4 Sampling Date Zinc-65 
; location (1965) (pCi/liter) 
Rae 9 7 Pee COUe..... .cocccnccnvnnscconcse July 14 74 
z FreRERS COUMty .. «nn donnpnsccacessncsse September 8 258 
2 
5 100 
z 
2 
8 


ee ae sam tans ——. 
——* 








Figure 6. Radionucilde concentrations in Washington 
milk 1962-September 1965 
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FOOD AND DIET SURVEILLANCE ACTIVITIES 


Efforts are being made by various Federal 
and State agencies to estimate the dietary in- 
take of selected radionuclides on a continuous 
basis. These estimates, along with the guidance 
developed by the Federal Radiation Council, 
provide a basis for evaluating the significance 
of radioactivity in foods:and diet. 

Networks presently in routine operation and 
reported periodically include: (1) the Public 
Health Service’s Institutional Total Diet Sam- 
pling Network, (2) the Atomic Energy Com- 


Program 


Institutional Total Diet 
Tri-City Diet 

Teenage Diet 

California Diet 
Connecticut Standard Diet 





Period reported 


mission’s Tri-City Diet Study, (3) the Food 
and Drug Administration’s Teenage Diet Study, 
(4) the State of California’s Diet Study, and 
(5) the State of Connecticut’s Standard Diet 
Study. While not based on probability sam- 
pling, these networks provide data useful for 
developing estimates of nationwide dietary in- 
takes of radionuclides. 

Other diet programs previously covered in 
Radiological Health Data and Reports are listed 
below. 


Last presented 





April—June 1965 
February—April 1965 





February 1966 
December 1965 


February—November 1964 July 1965 
November—December 1964 December 1965 
March 1963-—December 1964 July 1965 





1. Strontium-90 in Tri-City Diets 
May-July 1965° 


Health and Safety Laboratory 
U.S. Atomic Energy Commission 


Since March 1960, the Health and Safety 
Laboratory, through its quarterly diet study, 
has made estimates of the strontium-90 con- 
tent of the average diet of individuals living in 
New York City, San Francisco, and Chicago. 

Selected foods representing 19 food cate- 
gories are purchased at each of these three 
cities about every 3 months and are analyzed 
for strontium-90. Fourteen of the diet cate- 
gories are analyzed on a quarterly basis. Eggs, 
poultry, fresh fish, shellfish, and meat are 
purchased quarterly, but analyzed annually. 
This policy was initiated in 1965 due to the 
lower concentrations of strontium-90 in these 


‘Data from Fallout Program Quarterly Summary 
Report, HASL-165 January 1, 1966. Available from the 
Clearinghouse for Federal Scientific and Technical In- 
formation, CFSTI, 5285 Port Royal Road, Springfield, 
Virginia 22151. 
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food categories. The contribution of these five 
diet categories to the total annual intake of 
strontium-90 over the last 4 years has been 
approximately 5 percent. Therefore, this figure 
is used to calculate the contribution of these 
food categories to the total diet strontium-90 
intake. These values are added to the contri- 
butions of the other 14 food categories to ob- 
tain quarterly estimates of annual strontium— 
90 intake at the three cities. Consumption fig- 
ures used are based upon data from the De- 
partment of Agriculture (1). 

Some food types are assumed to be represen- 
tative of larger food categories, such as liquid 
milk for dairy products in general. 

The consumption data are based on a weight- 
as-purchased basis. Before the food samples 
for the Tri-City Diet Study are ashed for radio- 
chemical analysis, they are prepared to a cer- 
tain degree as if for actual consumption. For 
example, fruits are peeled, eggs are shelled, and 
poultry is boned. Therefore, concentrations of 
radioactivity in foods as reported in the Tri- 
City Diet Study are based on the trimmed 
weight. No correction is made for the waste. 
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After two samplings at each city, it was 
found that the calcium content of most food 
categories did not vary among cities, nor did 
it vary significantly with time. Calcium analy- 
ses of dietary components were performed for 
the third time recently, and further confirmed 


this result (2). Calcium analyses were there-. 


fore discontinued and average calcium content 


of foods was computed and used to estimate the 
average annual intake of this material. De- 
tails of the sampling system and a discussion 
of results obtained have been summarized (3). 

Results of the May to July 1965 sampling 
are presented in table 1. The variation with 
time of the daily intake of strontium-90 in 
the three cities is plotted in figure 1. 


Table 1. Average dietary consumption and strontium-90 intake in Tri-City diet, May-July 1965 



















































































New York City— Chicago— San Francisco— 
Diet Calcium May 1965 July 1965 June 1965 
Food category (kg/yr) (g/yr) 
(pCi/kg) (pCi/yr) (pCi/kg) (pCi/yr) (pCi/kg) (pCi/yr) 
ET BERROIND), o.com cononaccesccctciiscendee 37 37.0 | 27.441.0 1,014 22.241.2 821 12.441.0 459 
Whole grain products. ................-..---.- 11 10.0 | 48.0241.3 528 46.241.7 508 22.942.0 252 
ree 43 15.0 | 17.4+40.4 748 7.920.3 340 3.040.3 129 
ee At] okt | BSARE] I | S0SR | ok | PEERS] alt 
ce Maren co sc cactas wah anda eoadanene 43 °6 | 22.640.4 "972 «| :17.940.3 "770 4.540.2 "194 
TE ERR RSS Re ares, Se ee 3 rt 16.3083 °¢ ae ee * a fe Bs . 
ae BIE OL, oe oe eb onde Gake 3 1. . . A . . iy 
Dried ET 6. Lchbebakbadebnes obiinceads« ib 3 2.9 | 35.041.8 105 18.8+41.8 56 12.840.2 38 
or ech aacyrsteme nomnoh iss tie rt Ws | oraos | 496 | o:aa08| os | 1esoca 0 
Di: 2... cpusbnhbedebenetdsebs bebuoneek 5 5. ° ° ‘ R ° ’ ‘ 
Canned frait Dicie inate Nenen Acatehia th ifin tad ncaa dba aoa 26 1.3 3.940.2 101 4.0240.1 104 2.020.1 52 
hes 8 ea ninw cas & iis ei ttt bad 19 1.7 6.720.4 127 6.8240.3 129 2.940.2 55 
SD sa naconucncgsdoencsseceses 20 4.2 | 25.020.7 500 11.140.5 222 3.040.5 60 
Meat, fish, poultry, shellfish, and eggs-- - ------ 99 42.0 ® 545 * 280 * 221 
a veils sas cevecdbincsensagesd — 383.0 — 10,895 _— 5,664 — 4,413 
pCi strontium-00/g Ca.................-....- 28.4 14.8 11.5 
* Estimated as 5 percent of total intake 
40 J 
N 
o AY 
& 30 4 
; a PS, \ 
« leago . . . 
r f arte “Sle Previous coverage in Radiological Health Data and 
heed ’ ~ , Reports: 
£ New York City jt. o's, 
; nt ‘. , Period Issue 
5 wh Bn Prenetoce ‘a J Sixteenth Samp pling 
_ a (February—April 1964) December 1964 
“Seti eo Seventeenth Sampling 
— (May-J == — March 1965 
© (eheheaclacbadbadhedhacbedbeddbledbediadebadladiadtediedaebadbdheddhlihadiahallad TERS RE CEES SOCUCCOEEOS SURE EtOEEuE 
1960 T1961 T1962 1963 1964 1965 oC Octe Ber 4 4964) J 1008 
. ih . ugust—October une 196 
Figure 1. Daily intake of strontium-90 in Tri-City diet Nineteenth Samplin 
1960-July 1965 (November 19649 anuary 1965) September 1965 


March 1966 
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2. Estimated daily intake of radionuclides in 
California diets 
January-April 1965 * 


Bureau of Radiological Health 
California State Department of Public Health 


Since January 1964, the Bureau of Radio- 
logical Health, California State Department of 
Public Health, has made estimates of radio- 
nuclide levels in the diets of Californians (4). 

Recognizing that a “standard” or “typical” 
diet does not exist due to variations in individ- 
ual tastes, an effort was made to select a diet 
which was reasonably representative of the 
food consumed in a given area. This objective 
was met by utilizing the “house” diet of a 
hospital in each of the 20 geographic areas of 
interest. 

Hospitals were chosen as the source of diet 
samples under the hypothesis of their being as 
“reasonably representative” as any other. Gen- 
eral hospitals exist in each of the selected geo- 
graphic areas and operate with trained dieti- 
tians. There is good reason to believe that 
hospitals utilize foods which are marketed in 
their respective communities. Also, working 
relations for entry into hospitals existed 


2 This work was summarized under the supervision 
of Amasa C. Cornish, senior health physicist, Jack L. 
Brown, associate health physicist, and George Barr, 
radiological health specialist, Bureau of Radiological 
Health, California State Department of Public Health. 





through the State Bureau of Nutrition and 
Hospitals. 


Sampling procedure 


In general, the sampling procedure is the 
same at each hospital. Samples are collected 
once every 2 months at each facility. Each 
sample represents the edible portion of a 
regular meal (the standard diet) for a full 7- 
day week (21 consecutive meals). 

After each sample is collected, it is suitably 
preserved and shipped to the Sanitation and 
Radiation Laboratory. Accompanying each 
sample is a record prepared by the dietitians 
indicating the types and quantities of food in- 
cluded. 


Analytical procedures 


After weighing at the Laboratory, each sam- 
ple is homogenized, dried, and ashed prior to 
stable. calcium, potassium, strontium, and so- 
dium determinations being made. 

The radiochemical analyses are based upon 
three basic procedures: chemical separations of 
strontium-89 and strontium-90; analysis of 
radium-226; and gamma spectrometry of the 
entire wet sample. 


Data and discussion 


The resultant estimates of daily intake of 
radionuclides in the California diets are given 
in tables 2 and 3 for January through April 


Table 2. Estimated daily intake of radionuclides in California diets January-February, 1965 * 


























pCi/capita eday Grams/capita e day 
Kg/capita 
City per day > 
Sr 2*Ra 131Cg “Zr 141Ce Ke Na Ca Stable 
144Ce Sr 

ot dep aGtitinn ckhiniwouloucndneetennus 1.5 7 0.2 32 0 0 1.9 2.3 0.7 0.001 
it carta eiiitiy eli wernt encmrmre te nihe’s inie <i 2.9 22 0.6 85 0 0 4.4 5.9 1.3 0.001 
Rei ow Gwints ¢ ow uw inhiy wills wwii veniie 1.8 15 0.2 96 ll 0 2.3 2.9 0.6 0.003 
erie cnbiten «van wieumingkiarwenweeed 2.3 19 1.3 57 23 0 3.2 3.9 1.3 0.001 
RE DL Semdiwscutiwhneeeonddueee 2.2 46 0.6 150 ll 42 2.7 4.0 0.9 0.001 
5 ATE EL a 2.1 22 0.6 87 0 0 2.5 2.5 1.2 0.001 
CSTE EE ATEN SS 2.5 14 1.0 8 0 5 3.5 5.3 0.9 0 
SRLS SRS aaa 1.3 6 0.2 46 0 15 1.9 2.4 0.7 0.001 
ane presi staridinrig dia tevdmedetininteienytn'e sits 2.3 10 0.7 66 0 0 2.5 4.0 1.0 0.001 
EATEN SEE ee mene 1.3 u 0.3 49 0 0 2.1 2.6 0.3 0.001 
as ding binant $Uchibwe bwin owelwonsbbet: 2.1 11 0.3 72 0 3 3.0 5.0 0.7 0.001 
ae aa “SRR att Seine } 2.7 12 0.9 73 10 0 2.3 4.5 0.9 0.001 
A crntron owowtarabiidh niles cntthniiirwewe | 2.4 10 0.8 60 2 0 2.9 4.7 0.8 0.001 
SS a Be CEE | 2.2 13 0.3 60 6 0 2.8 4.0 1.2 0.001 
ee od ae aie ee | 2.2 8 0.9 54 0 0 2.7 3.3 0.9 0.001 

SS RE RTS are 
TU icra: cesar iciidi dlls ind benebitiatdtalino'wehinihiw errs 2.4 17 0.9 75 2 0 3.2 4.4 1.1 0.003 
IS ARES LTE LILLIE } 2.4 13 0.6 114 2 0 3.0 3.3 1.2 0 
a enue | 2.2 W 0.2 75 0 24 2.3 6.0 0.8 0.001 
A IN 6 hi ok wal ldieinweeeueswmet 2.1 24 1.0 47 0 0 2.8 2.8 2.0 0 























* Based on analyses of Hospital Standard Diets located in listed cities. 
> Kilograms of food per person per day in this diet. 


¢ Natural potassium contains 0.0119 percent of radioactive potassium-40. 


4 Sample lost or unsatisfactory. 
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Strontium-89 and manganese-54 not detectable. 
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Table 3. Estimated daily intake of radionuclides in California diets, March-April 1965 * 














pCi/capita eday Grams/capita eday 
Kg/capita 
City per day > 
Sr 2%*Ra 187s “Zr “Mn ulCe Ke Na Ca Stable 
144Ce Sr 

PR... .kivehunsuestsentsasasouds 2.2 12 0.5 58 10 0 0 2.7 3.3 2.2 0.001 
ERR PRPS AS I SA 2.4 12 0.3 54 0 0 0 2.4 4.2 0.7 0.005 
th. «i onetesnewedweesetecksenat 1.6 10 0.4 65 Q 0.3 9.0 1.8 2.7 0.5 0 
ith bectnstewvskatsudibadeeace 2.8 12 1.0 58 15 0 0 3.5 4.5 1.1 0.001 
TSHR SPR 2.3 28 0.2 121 14 0 0 2.5 4.6 2.1 0.001 
i ith ine 6 oct bhutnatdansbianaias 2.4 29 0.2 122 39 0 0 3.0 3.0 1.2 0.007 
nt EE AR TL PLL 2.3 ll 0.7 63 13 0.1 0.4 2.3 4.0 0.8 0.002 
ER a 2.0 6 0.1 60 2 0 0 1.8 2.4 0.5 0.005 
i  acncchessetesanweneoway om 2.4 13 0.2 66 5 0 0 2.2 3.2 2.1 0.001 
ii a end nats beteeweamail 2.0 16 0.2 90 10 3.3 0 2.8 3.6 2.1 0.001 
iL oLAwebenesvevuusstenhasauen 2.1 25 1.1 65 Q 0 3.4 NA NA 1.0 0.002 
EEE OE 2.9 2 0.6 83 0 4.2 11,0 2.9 6.0 1.3 0 
DEAL Gen becnhodsdeonehwesstes 2.5 13 0.2 70 5 0.3° 5.8 2.7 5.1 2.0 0.001 
I, fe an an cin nilind x tek wll 2.1 9 0.6 47 8 1.6 5.8 2.4 3.5 1.0 0.001 
i otce 3 cle. eleubiose 2.0 12 0.4 58 2 0 0 2.9 3.1 2.0 0.005 
es on os 6d ceeee chébenice 1.4 8 0.2 43 0 0 0 1.8 3.0 1.0 0.001 
hl ETS RS EER Se le 1.6 14 0.6 60 1 0 0.6 2.2 3.0 1.0 0.001 
nin ous cu thnndakeunnbenh 2.5 25 0.6 94 5 0 2.9 2.8 3.1 1.3 0 
Lok dt ciwakkenctiah nc’ obutine ot 2.1 16 0.4 104 6 0 0 2.6 4.3 2.0 0.003 
Net ET apm 2.4 36 0.5 80 14 0 1 3.3 4.0 1.8 NA 



































* Based on analysis of Hospital Standard Diets located in listed cities. 
> Kilograms of food per person per day in this diet. 


Strontium-89 not detectable. 


+ potassium contains 0.0119 percent of radioactive potassium-40. 


A, no analysis 


1965. Average strontium-90 intake in the 
California diet varied from 2 to 46 pCi per 
capita per day. Cesium-1387 intakes varied from 
8 to 150 pCi per capita per day. Radium-226 
intakes varied from 0.3 to 1.3 pCi per capita 
per day. The observed intakes of strontium-90, 
cesium-137, and radium—226 in California diets 
were of such a magnitude that no actions were 
indicated based upon health implications. 
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Section II. Water 


The Public Health Service (and as of Janu- 
ary 1966, the Federal Water Pollution Control 
Administration) and other Federal, State, and 
local agencies operate extensive water quality 
sampling and analysis programs for surface, 
ground, and/or treated (drinking) water. 
Most of these programs include determinations 
of gross alpha and gross beta radioactivity 
and/or specific radionuclides. 

Although the determination of the total 
radionuclide intake from all sources is of pri- 
mary importance, a measure of the public 
health importance of radioactivity levels in 
water can be obtained by comparison of the 
observed values with the Public Health Service 
Drinking Water Standards (1). These Stand- 
ards, based on consideration of Federal Radia- 
tion Council (FRC) recommendations (2-4), 


Program 


Period reported 


set the limits for radium-226 and strontium-—90 
as 3 pCi/liter and 10 pCi/liter, respectively, 
without considering other sources of radio- 
activity. Limits may be higher if total intake 
of radioactivity from all sources indicates that 
such intakes are within the limits recommended 
by FRC for control action. In the known ab- 
sence of strontium—90 and alpha emitters, the 
limit is 1,000 pCi/liter gross beta activity.' 
Surveillance data from a number of Federal 
and State programs are published periodically 
to show current and long-range trends. State 
programs recently covered in Radiological 
Health Data & Reports are listed below. 


1 Absence is taken to mean a negligibly small frac- 
tion of the specific limits of 3 pCi/liter and 10 pCi/ 
liter for unidentified alpha emitters and strontium-90, 
respectively. 


Last presented 





Florida Water Sampling 
Program 1964 

Kentucky Water Sampling 
Program 

Minnesota Surface Water 
Sampling Program 

New York Surface Water 
Sampling Program 

North Carolina Water 
Sampling Program 

Washington Surface Water 
Sampling Program 
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from the Federal Register of September 26, 1961. 
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GROSS RADIOACTIVITY IN SURFACE WATERS OF THE 


UNITED STATES, SEPTEMBER 1965 


Basic Data Branch Federal Water Pollution Control Administration 


The monitoring of levels of radioactivity in 
surface waters of the United States began in 
1957 as a part of the Public Health Service 
Water Pollution Surveillance System. Respon- 
sibility for this activity was transferred to the 
newly created Federal Water Pollution Control 
Administration on December 31, 1965. Table 1 
presents the current preliminary results of 
the alpha and beta analysis. The radioactivity 
associated with dissolved solids provides a 
rough indication of the levels which would 
occur in treated water, since nearly all sus- 
pended matter is removed by treatment proc- 
esses. Strontium-90 results are reported 
quarterly. The stations on each river are ar- 
ranged in the table according to their distance 
from the headwaters. Figure 1 geographically 


presents the average total beta activity in sus- 
pended-plus-dissolved solids in raw water col- 
lected at each station. A description of the sam- 
pling and analytic procedures was published in 
the December 1965 Radiological Health Data. 

Complete data and exact sampling locations 
are published in annual compilations (1-6) or 
are available on request. 

Comments on data are being made when the 
alpha radioactivity is 15 pCi/liter or greater 
or when the beta radioactivity is 150 pCi/liter 
or greater. Changes toward or from these levels 
are discussed in terms of significant changes in 
radioactivity per unit weight of solids. No dis- 
cussion of gross radioactivity per gram of dis- 
solved or suspended solids for all stations of 
the Water Pollution Surveillance System will 




















Wash: 
Shington 
5, Montang 
139 \Y 506 North Dakota 
15 22 
35 
18 
w 4 
54 
10 4 ap 
Oregon, 
Ne Hohe South Dakota 
Vado NW 
Nebraska 
45 
24 
~~ 
a 44 Colorado} ansas 
Utah 46 
. 17 
" 
Coliformig 5 I 
Arizona Texas 
22 
“ad 
New Mexico 
56 
Pe i + ahs ¢ 2 ! 94 











Figure 1. Sampling locations and associated total beta activity 
(pCi/liter) in surface waters, September 1965 


March 1966 
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Table 1. 


Radioactivity in raw surface waters, September 1965 


(average concentrations in pCi/liter) 



































Beta activity | Alpha activity Beta activity Alpha activity 
Station Station 
Sus- Dis- | Total | Sus- Dis- Total Sus- Dis- | Total | Sus- Dis- | Total 
pended | solved a led | solved pended | solved pended | solved 
Animas River: New Roads, La----- 6 14 20 2 1 3 
Cedar Hill, N. Mex- - 11 6 17 3 | 1 4 New Orleans, La---- 2 14 16 1 2 3 
Arkaneas River: | Missouri aver: 
Coolidge, Kans - - - - 13 33 46 4) 17 21 Williston, N. Dak _-_- 5 17 22 1 4 5 
Ponca City, Okla-_-_- 73 | 19 92 23 4 27 Bismarck, N. Dak... 2 16 18 <1 3 3 
Atchafalaya River: St. Joseph, a 37 25 62 7 4 ll 
Morgan City, La_--.- 41 13 54 16 2 18 North Platte River: 
Bear River: Henry, Nebr-._..--.-- 3 42 45 <1 28 28 
Preston, Idaho---- -- 0 11 11 0 1 1 Ohio River: 
4 See River: | Toronto, Ohio ------ 1 13 14 0 1 1 
ardin, Mont- ---.- 33 21 54 11 7 18 oo See 1 8 9 0 0 0 
Chena River: Pend Oreille River: 
Fairbanks, Alaska. - - 12 3 15 4 1 5 || Albeni Falls Dam, 
Clearwater River: | _ | Se EEE <1 5 5 0 1 1 
Lewiston, Idaho-..-- ll 4 15 4 1 5 Platte River: 
Clinch River: | _ Plattsmouth, Nebr- - 154 21 175 60 3 63 
Clinton, Tenn__-__--- 1 5 6 0 0 0 || Potomac River: 
Kingston, Tenn- ---- 3 12 15 0 0 0 || _ Washington, D.C_--- 1 7 8 0 0 0 
Colorado River: Rainy River: 
Loma, Colo.-...--.- a 22 44 6 5 11 Baudette, Minn_---- 2 16 18 0 0 0 
Page, Ariz.....-.-.- 4 15 19 1 2 3 || Red River, North: 
Parker Dam, Calif- | —_, = 
| Sa 1 21 22 0 7 7 ae 2 25 27 0 3 3 
Columbia River: | Red ae dost: 
Wenatchee, Wash _ 0 5 5 0 0 0 Alexandria, La_----- 8 19 27 3 4 7 
Pasco, Wash....-.-.-.. 63 443 506 0 1 1 Rio Grande: 
Clatskanie, Ore____- | 13 126 139 0 1 1 El Paso, Tex.....-.- 41 15 56 12 4 16 
Connecticut River: Laredo, -Tex---.---- } 78 16 94 27 5 32 
Enfield Dam, Conn-.-} 2 | 6 8 0 0 0 San Joaquin River: } 
cosa. River: Vernalis, Calif -__..- | 2 Poe o| wu} 14 
ESE SSE 1 | 3 4 0 0 0 San Juan River: 
Cumberland River: | Shiprock, N. Mex. - - 102 13 115 32 3 35 
Cheatham Lock Savannah River: 
| EE TS | 0 4 4 0 | 0 0 Port Wentworth, Ga 3 6 9 <i 0 <1 
Delaware River: | | | Snake River: 
Philadelphia, Pa- -- .| 2 10 12 0 | 0 0 Payette, Idaho... --- 2 13 15 0 5 5 
Great Lakes: Wawawai, Wash --- -| 0 9 9 0 0 0 
Duluth, sine eee 2 | 4 6 0 0 0 || South Platte River: 
Green Rive | Julesburg, Colo. ---- 38 59 97 14 45 59 
Dutch tO Utah... 1 23 24 0 4 4 Susquehanna River: | 
Hudson River: | Conowingo, Md----- | 1 9 10 0 0 0 
Poughkeepsie, N.Y - .| 2 11 13 0) 0 0 Tennessee River: 
Illinois River: Chattanooga, Tenn_- 1 19 20 0 1 1 
S| 6 | 13 19 2 | 2 4 || Wabash River: 
ceenttes, I........ | a 12 14 1 | 1 2 || New Harmony, Ind-_| 11 10 21 4 1 5 
Kansas River: } | Yakima River: 
De Soto, Kans-.- -..- 78 29 107 21 5 26 Richland, Wash --- -- 1 8 9 0 1 1 
Klamath River | | Yellowstone River: | 
eno, Ore... -.----- 2 s| 10 o| 0 0 || Sidney, Mont... ...- | i} a7| 3 7 s| 12 
Maumee River: } | 
Toledo, Ohio------- 1 15 16 0 2 2 || Maximum........---- | 154] 443] 506 60} 45| 63 
Mississippi River: ———— | | | 
St. Paul, Minn......| 2 16 18 1 1 || Minimum...........- er Re 4 0 0 0 
E. St. Louis, Ill... - 18 16 34 4 1 5 | 





















































be attempted at this time. Comments are made 
only on monthly average values. Occasional 
high values from single weekly samples may 
be absorbed into a relatively low average. When 
these values are significantly high, comment 
will be made. 

The following stations showed alpha or beta 
values on either suspended or dissolved solids 
in excess of 15 pCi/liter or 150 pCi/liter, 
respectively, for both August and September 
1965: 


South Platte River: Julesburg, Colorado 


176 


North Platte River: 
Atchafalaya River: 
Columbia River: 


Henry, Nebraska 
Morgan City, Louisiana 
Pasco, Washington 


These stations showed reasonable values for 
alpha radioactivity per gram of dissolved or 
suspended solids (except for Pasco, Washing- 
ton, which shows negligible alpha). 

The following stations showed a decline to 
an alpha activity concentration of less than 15 
pCi/liter or to somewhat higher values (Ship- 
rock, New Mexico) than in the month of 
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August 1965: 


Arkansas River: Coolidge, Kansas (alpha 


suspended) 


San Juan River: Shiprock, New Mexico 


The following stations showed increases of 
alpha radioactivity on dissolved or suspended 
solids from less than 15 pCi/liter in August to 
greater than this value for September 1965: 


Arkansas River: Coolidge, Kansas (alpha 
suspended) 

Ponca City, Oklahoma 
DeSoto, Kansas 
Plattsmouth, Nebraska 


Laredo, Texas 


Arkansas River: 
Kansas River: 
Platte River: 
Rio Grande: 


At Morgan City, Louisiana, a single weekly 
sample high in suspended solids raised the 
average for the month on alpha radioactivity 
to a value just over 15 pCi/liter. Shiprock, New 
Mexico, declined in alpha radioactivity to its 
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normal level, which usually exceeds 15 pCi/ 
liter but only by small amounts. The beta radio- 
activity on dissolved solids at Pasco, Washing- 
ton, approximately doubled over the previous 
month. 


REFERENCES 


(1) DIVISION OF-WATER SUPPLY AND POLLU- 
TION CONTROL, PUBLIC HEALTH SERVICE. 
National water quality network annual compilation 
of data. PHS Publication No. 663, 1958 Edition. 
Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C. 20402. 

(2) Ibid., 1959 Edition. 

(3) Ibid., 1960 Edition. 

(4) Ibid., 1961 Edition. 

(5) Ibid., 1962 Edition. 

(6) DIVISION OF WATER SUPPLY AND POLLU- 
TION CONTROL, PUBLIC HEALTH SERVICE. 
Water pollution surveillance system, annual com- 
pilation of data. PHS Publication No. 663 (Revised) 
1963 Edition. Superintendent of Documents, U.S. 
Government Printing Office, Washington, D.C. 20402. 
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RADIOACTIVITY IN CALIFORNIA WATERS 


JANUARY-JUNE 1965' 


Bureau of Radiological Health, State of California 
Department of Public Health 


Gross beta activity in California domestic 
waters is monitored by the State of California’s 
Bureau of Radiological Health. The importance 
of this program in the State’s environmental 
surveillance activities stems from the fact 
that most of California’s domestic water sup- 
plies are of surface origin. 

Radioactivity in such water supplies consists 
of the natural radioactivity in surface streams, 


1 Data from July and October 1965 issues of Radio- 
logical Health News, California Department of Public 
Health, Bureau of Radiological Health, 2151 Berkeley 
Way, Berkeley 4, California. 


radioactivity added by the discharge of sew- 
age or by industrial waste effluents, and radio- 
activity from fallout, particularly fallout into 
open terminal or distribution reservoirs. Pres- 
ent efforts consist of sampling raw and treated 
surface waters and well waters. It should be 
noted that except for large metropolitan water 
supplies, raw water sampling is being phased 
out, and treated water sampling being substi- 
tuted or continued. This procedural change is 
predicated upon sampling water at the point of 
consumption. 
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Figure 1. California surface water sampling stations 
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Table 1. Gross beta activity in California domestic waters (pCi/liter), January-June 1965 












































Sampling stations Quality January | February March April May June 
SL canhhvciiladbh anoint Mites satan sarhdcedud debi Well *13 NS ND *10 6 ND 
Antioch... ...... EEE RE ee SALT Or EA GN GE «©. 2, =i RE ER Treated °6 ND ND *18 ND ND 
Lake ane A th dn © ike siete Dacre om 6 eae ad haekea tele Treated NS a4 NS 85 a14 “6 
ne ink dinkh bdebbeselbbh ieieds aieeniad Treated *6 *13 a4 *10 NS ND 
Clearlake Highlands atid einai ae ken eiilties cecmints o> pace eile doled Treated *6 ND *10 ag ND ND 
IE hb bl ctic ow dl bu bess buatad feb canewanceadbaueeees Raw NS NS al a6 ND ND 
Death Valley.........- Je Sta ess dé SSA. Sib cakddstiuddabaia Treated *12 2 NS ND “6 NS 
EE lad higid. ciniidutbk ho andes dvesiaiias dine eats elias anneal Treated “22 *12 ND 216 817 a5 
_ TS CSET ERLE ee RSS Gy Eh PE CE Treated «20 me ) a3 ND ND 216 
RAE Se ye ey Sn ree Se AME EN See Raw ® 53 *15 ND ND D NS 
Treated ND s2 ND ND ND ND 
rt date. Sccnncukesepawcdadcah a veniund Sal tanee een Treated “7 4 ND ND NS NS 
OE EE DEE ES CEO Treated ‘ill ND a3 ND ND ND 
Marin Municipal Water District... .... 2. ccc ccc cc ccccccccccece Treated ND “1 a4 a2 ND “9 
SS RENE ER 6 RE PESTS ROR re Ue Pee 6 Le Treated all *6 ND a3 ND as 
Metropolitan Water District of Southern California: 
Lake Havasu..-.._...-. Ea? DP Shee ae Treated ND NS NS “3 NS * 23 
ee ae Treated NS *18 *18 *12 40 *16 
inns scinuaatd enbhsasncs Guckaeeecednh cule hie Treated ‘ill “3 s 20 NS ND *5 
hl FOS, Rta A my a <i 3. 5 .| Treated a7 ND ND *14 *12 a4 
ERE RR Treated “5 NS NS ND a4 *10 
RES he et Sea CS i ae .| Raw ND NS NS NS NS NS 
North Marin Water District... __- . Treated *13 ND “5 “17 a4 ND 
aw a14 a2 ND *12 16 ‘il 
Sludge > *91 «54 *15 *99 54 *10 
Oroville: 
i ee el oe ch dessweewabbooee Treated “7 *13 ND a4 43 a7 
Wyandotte Irrigation District... ... 2... ccc ccc cc ccccce Treated sll *12 “8 sg NS ND 
adil arin a cde suit so prev enaioabiihidiin thomas seks w i waikaienis os ticabia ok ee Treated *10 a2 ND NS NS NS 
I SiC OUEL: . 8, StL sn ncehdde dabadbbaleneabeasaaen Raw ND *3 “1 9 “3 NS 
ES - AE gs ER ee Pa OO RN nga > Well NS NS NS ND “5 NS 
ie a TT," he Re re AR ee Raw NS NS *13 ND 628 a2 
Treated ND #19 *14 * 23 “8 ND 
San Francisco: 
nea 230 i us leeend bapeee bl ulvemasbad Treated *1l 2 a7 ND *12 ND 
i Lee. 5. oS akadn ace cuked bdlcw dwn fa tot anes Treated ah *19 “8 «10 ND *3 
Te ee OS EEL FOS a Rae eee Raw | ND ND *19 a2 ND 3 
SER rs. get pects”. Raw “8 a2 “9 al a4 a4 
I as 8s oe a oe el eee eee Treated ND *10 «24 “9 *2 “4 
SE ENE SP ITNT II 2 CEP TEI NG Raw NS *15 *13 *10 “5 a4 
I a eh ee ee ee Raw a5 «1 *9 ND NS NS 
San Luis Obispo - SESS Se, 108 a ae Treated *16 NS NS *15 NS ND 
i hilt EET SESE RAS SIS EL OR ERE. EIS Treated ND 37 “5 7 19 2 
Santa Cruz... Coastal ND NS NS NS *12 NS 
Raw 85 | 3 NS NS NS NS 
Treated ND | NS “5 10 ND “9 
Oe ee | tab os nde ce Raw ND NS NS NS NS NS 
Treated ND | ND ND ND as ND 
EE Ee oe Ra ee Sa EL Raw NS | 14 ND NS NS NS 
Treated NS NS NS “8 NS NS 
ER RLS oe ee PE SA Ee, A, eS a _...| Treated NS | ND NS NS ND ag 
Vallejo: 
Flanies ee Fs FAs ANT RR Te ae Raw » 20 *15 “5 al4 *12 “3 
Treated “7 ND ND *19 *8 *8 
a gE ae. ss) ee _...---| Treated “a7 a4 “17 *6 ND ND 
EE ee. oe ee ee PIRES a ee Ree Treated *9 | . “3 *16 ‘il a4 
MIG Alb cassis iigaencctcacks hardecancuanecobee ce gio Treated | = * 18 | ND | “4) 22 ND "16 
Maximum (not including sludge). Sie Need ne ne ee eae | 53 | 37 24 23 40 23 
RE cota honest nitcin wh: be sik snkhaiknale Mah disdain | 0 | 0 | 0 0 0 0 
*® When the counting rate of the sample is not equal to at least twice the 0.95 error, the value reported is the best estimate, but is not statistically 
significant. 
> Sludge reported in pCi/g (dry weight). 
NS, no sample collected. 
ND, no detectable activity. 
Most of the supplies sampled have as a Monitoring of domestic water supplies is on 


source, raw surface waters (figure 1), although a continuing basis, since it has not been pos- 
a few wells, along with some water supplies sible to forecast levels of radioactivity in these 
that use infiltration galleries, are also sampled. supplies based upon levels in rain, snow, or 
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surface streams. Under the present sampling 
schedule, monthly 500-ml samples are collected 
and the total solids analyzed for alpha and beta 
radioactivity. In addition, 3-liter samples are 
collected monthly for approximately 6 months 
and composited for specific radionuclide .analy- 
sis on a biannual basis. , 


Analytical procedures 


Radionuclide analyses of water are carried 
out in the State’s Sanitation and Radiation 
Laboratory. Measurements of alpha and alpha- 
plus-beta activities are made with a low-back- 
ground windowless’ gas-flow proportional 
counter. Counting methods used follow those 
recommended by the U.S. Public Health Serv- 
ice (1). 

Individual samples are evaporated to dryness 
and the residue ashed at 450°C. The ashed 
sample is dissolved and transferred to an alu- 
minum planchet for beta counting. Gamma- 
emitting radionuclides are determined biannu- 
ally on the composite samples. 


Discussion 


Table 1 shows the monthly average beta 
activity in the suspended-plus-dissolved solids 
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in surface water supplies in California from 
January through June 1965. Following treat- 
ment, these waters are used for industrial and 
domestic purposes. Because alpha activity in 
water has in general been undetectable or very 
slight, alpha activity analyses are not pre- 
sented. No increase in the radioactivity level of 
surface water has been observed, while fallout 
levels continue to decline slowly. 


REFERENCE 


(1) DIVISION OF RADIOLOGICAL HEALTH. 
Radionuclide analyses of environmental samples, R 
59-6. Radiological Health Research Activities, Robert 
A. Taft Sanitary Engineering Center, Cincinnati, 
Ohio 45226 (November 16, 1959). 


Previous coverage in Radiological Health Data: 





Period Issue 
1961—-June 1962 April 1963 
July-December 1962 September 1963 
January-June 1963 March 1964 
July-December 1963 September 1964 
January—June 1964 March 1965 


July—December 1964 September 1965 
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Section III. Air and Deposition 


RADIOACTIVITY IN AIRBORNE PARTICULATES AND PRECIPITATION 


Continuous surveillance of radioactivity in 
air and precipitation provides one of the earli- 
est indications of changes in environmental 
fission product activity. To date, this surveil- 
lance has been confined chiefly to gross beta 
analysis. Although such data are insufficient to 
assess total human radiation exposure from 
fallout, they can be used for determining when 
to modify monitoring in other phases of the 
environment. 

Surveillance data from a number of pro- 
grams are published monthly and summarized 
periodically to show current and long-range 


Network 


National Air Sampling Network 
HASL Fallout Network 
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Period reported 


trends of atmospheric radioactivity in the 
Western Hemisphere. These include data from 
activities of the Public Health Service, the 
Canadian Department of National Health and 
Welfare, the Mexican Commission of Nuclear 
Energy, and the Pan American Health Or- 
ganization. 

An intercomparison of the above networks 
was performed by Lockhart and Patterson (1) 
in 1962. 

Other air and deposition networks previously 
covered in Radiological Health Data and Re- 
ports follow: 


Last presented 





July-September 1965 
April—December 1964 





January 1966 
September 1965 
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1, Radiation Surveillance Network 
November 1965 


Division of Radiological Health 
Public Health Service 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radiation 
Surveillance Network (RSN), which regularly 
gathers samples from 74 stations distributed 
throughout the country (figure 1). Most of the 
stations are operated by State health depart- 
ment personnel. 

Daily samples of airborne particulates and 
precipitation are forwarded to the Radiation 
Surveillance Network laboratory in Rockville, 
Maryland, for laboratory analysis. The alerting 


function of the network is provided by routine 
field estimates of the gross beta activity made 


by the station operators prior to submission of 
the samples. When high air levels are reported, 
appropriate officials are promptly notified. 
Compilation of field estimates and laboratory 
confirmations are reported elsewhere on a 
monthly basis (2). A detailed description of 
the sampling and analysis procedures was 
presented in the December 1965 issue of 
Radiological Health Data, 


Table 1 presents the monthly average gross 
beta activity in surface air and deposition by 
precipitation during November 1965. Time pro- 
files of gross beta in air dating back to 1958 for 
eight RSN stations are shown in figure 2. 
Gamma spectroscopy analysis was performed 
on 291 air samples. Traces of longer-lived fresh 


fission products were identified on most of 
these. 





Stations Not Shown 





@ Agana, Guam 

@ Honolulu, Hawaii 

@ San Juan, Puerto Rico 
@ Ancon, Canal Zone 









Presque Isle 
:" @ SAMPLING STATIONS 


wee ow www mw eww 








Figure 1. Radiation Surveillance Network sampling stations 
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Table 1. Gross beta activity in surface air and precipitation, October 1965 



































Air surveillance Precipitation 
Station location Number of Gross beta activity, pCi/m* Last 
samples profile Total Total 
in yy - deposition 
: 4 a mm nCi/m?)s 
Air | Pptn| Maximum | Minimum | Average * — 
a’ on) sSbawwesd ddins 
Satie) - adtipiradttaassheraseacte m| *| oul <on| Souler | ow @ 
Anchorage..........--0-+--20eeeee+e5 16) 2 0.11}  <0.10| — <0.10 | Mar 66 ’ 
AUG TERRE ......cerecccseccescorceses 13 0.13 <0.10 <0.10 | Oct 65 (¢) i 
Pairbanks.........-.--2-+00eeeeeeeeees 8} 4) <0.10} <0.10) —-<0.10 | Jun 65 12 Q 
— eoneasuesecssessccccncesesocges 2| 9 <0.10 <0.10 <0.10 | Jul 65 88 cis 
N = snesnenautoncessocosevacenccss 12 <0.10 <0.10 <0.10 | Aug 65 (¢) 
NUmecoesenanescecesecsccccocsesoces 9 <0.10 <0.10 <0.10 | Dec 65 (¢) 
Seas str trerersocnemseonansie 28 <0.10] — <0.10} — <0.10 | Nov 65 | ° (¢) 
+ Paul Island... ...-.eeeeeeeenees 29 <0.10|  <0.10} —<0.10 | Jan 66) — () 
Ariz: Si indeatshbendsssousentedeoated 28 
Bi. MR ccesancelRavconcesnsies s| a) onl wl owlieel gg ; 
Calif: BORMEY ....-0---2ecseesecccsnecconces 19| 10 0.13 <0.10 <0.10 | Aug 65 139 os 
Los Angeles..............0----+-++-+- 20| 8 0.18 <0.10 <0.11 | Dec 65 264 <53 
G2: ANCOD..-.--2-e0-e0oee-cceeeneecnsee il <0.10 <0.10 <0.10 | Aug 65| — (¢) 4 
olo WITEE . cccccseeroccecsovesseasooete 2%] 1 0.15 <0.10 <0.11 | Aug 65 8 <2 
Conn NG ote ie ciccxecogsevbnniandes 
Del: lassi edatsventhténdaneubees seek 4 ° $0:10 <O:10 $0:10 wb 4 (*) 7 a 
D.C: Washington......-.--.n.s-seneoreoosnes 28 5 <0.10 <0.10 <0.10 | Nov 65 10 <2 
Fla: SOGRDORVENE <2 Janne ce seececcneesaneq 29 5 0.14 <0.10 <0.10 | Mar 66 56 <il 
ME oncime aoseeddayooedsbaonenpoqsape 30| 5 0.14 <0.10 <0.10 | Jul 65 67 <13 
Ga DOIG iid thcisins «oni nae tity enitaad b 
Guam Co CO ree yi <0.10 <0.10 <0.10 feb 4 tS 
Hawaii PAL .c' bcwnncagegeongeeentinaiale 30 6 <0.10 <0.10 <0.10 | Oct 65 237 <47 
Idaho DR onc cncecnccecncnscecnnceseqquescs 20 7 <0.10 <0.10 <0.10 | Oct 65 30 <6 
Ill Paden cnccdeuatssuppecstakes 30 0.13 <0.10 <0.10 | Nov 65 (¢) 
Ind: ER, i vevtnnasdachshsak eben’ os 3 15 
Towa: SEE Sen<ahtecheteh <isicupnkhe aged 33 : <0:10 $ 10 $10 od $5 3 
Kans: Pins 60 cunaweddseeee soil cewuhnes 29 1 <0.10 <0.10 <0.10 | Mar 3 <i 
pd SR civutinccnndeneecddecucegars 24 4 0.14 <0.10 <0.10 | Nov 65 19 <4 
a Se NG s a0 bccduyencsauwedbeebes 30 4 0.11 <0.10 <0.10 | Nov 65 44 <9 
Maine: I  winidabhseenes sscuenebiaqes 30 .10 
SE MR cab dctcbsnboccipeetgdecden 21 * Si 2 i0 <0'10 a $5 " 3 
Md: Et riccdvosnecsebsiotehsacbeitus 20 2 <0.10 <0.10 <0.10 | Jul 65 14 <3 
RE a ae F 12 0.11 <0.10 <0.10 | Oct 65 (¢) 
Mass Lawrence... .....---0---+--0-2--0--=-- 30 9 <0.10 <0.10 <0.10 | Feb 66 56 <il 
ME ctiteteantn0etésttdntosgoted 27 12 <0.10 <0.10 <0.10 | Sep 65 69 <14 
Mich: Lansing... .......---.-22----+--00--0-- 30 8 <0.10 <0.10 <0.10 | Oct 65 41 <8 
Minn: Minneapolis 20 5 <0.10 <0.10 <0.10 | Feb 66 58 <12 
Mins: Jackson.......-..--- 23| 2 <0.10 <0.10 <0.10 | Dec 65 <6 
Mo: Jefferson City . 30 3 <0.10 <0.10 <0.10 | Jan 66 18 <4 
Mont Helena.......----------2-4----------- 27 6 <0.10 <0.10 <0.10 | Sep 65 16 <3 
Nebr OS re Pee eee 18 0.23 <0.10 <0.11 | Jan 66 (*) 
Nev reer eee 25 2 0.17 <0.10 <0.11 | Jun 65 22 <4 
N.H ao chens cacabeuianame rn calrenl 19 <0.10 <0.10 <0.10 | Nov 65 (¢) 
N.J Me ntccesds enccotissctdnideeanss 30 3 <0.10 <0.10 <0.10 | Dec 65 7 <1 
N. Mex RED Se EE Pecans Seen et 26 3 0.17 <0.10 <0.10 | Sep 65 14 <3 
en onancwhtnd odthbininmanwmmamaded 15 8 <0.10 <0.10 <0.10 | Jan 66 47 <9 
GK «une shiauue demanpectaeeenindal 28 <0.10 <0.10 <0.10 | Aug 65 (*) 
SEES Sea RE Sys 29 <0.10 <0.10 <0.10 | Sep 65 (*) 
N.C: Ds ca ccodtdnaccasacenseaeegatahe 30 5 0.11 <0.10 <0.10 | Aug 65 67 <13 
N. Dak: ee ee et whedets 27 2 0.13 <0.10 <0.10 | Nov 65 4 <1 
Ohio: CEE ca ccnitmethowsdone auace wilted 16 <0.10 <0.10 <0.10 | Feb 66 (°) 
| EEE LES TERT EER Pe 29 7 0.16 <0.10 <0.10 | Dec 65 30 <6 
RARE ee lng Rie ET Ha 29 10 0.11 <0.10 <0.10 | Jul 65 96 <19 
Okla: EE IEE ROSIE 0.12 <0.10 <0.10 | Oct 65 (°) 
OS ee eee ee ae 29 <0.10 <0.10 <0.10 | Jul 65 ) 
Ore: NS nonce coahS ibs Sac ccubsciawolves 29 17 0.17 <0.10 <0.11 | Jan 66 93 <19 
Pa Se ee eee eee 28 4 <0.10 <0.10 <0.10 | Jan 66 31 <6 
F.ms SI .. anid ose agmbiheun Gabon ecmlite 27 3 0.25 <0.10 <0.11 | Dec 65 59 <12 
R. I: PN, cD hae boas cocshme enue 29 8 <0.10 <0.10 <0.10 | Oct 65 56 <i1l 
8. C: ERR Rg SEE RE SE RE SE AE 29 5 0.11 <0.10 <0.10 | Sep 65 30 <6 
8. Dak: SS ae 30 0.15 <0.10 <0.10 | Jul 65 (*) 
Tenn Re ae oe eee ae a 30 7 <0.10 <0.10 <0.10 | Oct 65 51 <10 
‘ex TER TI OCG TE LS TOS 30 4 0.15 <0.10 <0.10 | Feb 66 86 <17 
| SEE SAE: 4 eee 28 0.20 <0.10 <0.11 | Nov 65 (¢) 
Utah ON EES SEF SOE 30 10 0.15 <0.10 <0.11 | Dec 65 36 <7 
Vt: Gl ob actbiivdauoacuws onsewneses 28 15 <0.10 <0.10 <0.10 | Mar 66 98 <20 
Va: ES Sees hee eee 29 3 0.11 <0.10 <0.10 | Mar 66 12 <2 
Wash rock cuit Lieeewat ee eestica 28 18 <0.10 <0.10 <0.10 | Mar 66 99 <20 
ee ee eee 5 <0.10 <0.10 <0.10 | Feb 66 35 <7 
W. Va TERE SCRE FES rie: 27 3 0.12 <0.10 <0.10 | Sep 65 17 <4 
Wis MICS < ios ~ San cco seaehanesabones 30 6 <0.10 <0.10 <0.10 | Mar 66 43 <9 
Wyo SG iiicccscctcncctsckinboiecd 0.16 <0.10 <0.11 | Jun 65 (*) 
SR I Gant eo nesacsceseccse soccenssbasen 1,860 305 0.25 <0.10 <0.10 52 <11 

















® The monthly average is calculated by weighting the individual samples with the length of sampling period. Values of <0.10 are assumed to be 0.10 
for averaging purposes. If the < values represent more than 10 percent of the average, a less-than sign is placed before the average. 
icates no report received. 
¢ Indicates no precipitation sample collected. 
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Figure 2. Monthly and yearly profiles of beta activity in air, Radiation Surveillance Network, 1959-November 1965 
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2. Canadian Air and Precipitation Monitoring 
Program, November 1965 ' 


Radiation Protection Division 
Department of National Health and Welfare 
Ottawa, Canada 


The Radiation Protection Division of the 
Canadian Department of National Health and 
Welfare monitors surface air and precipitation 
in connection with its Radioactive Fallout 
Study Program. Twenty-four collection sta- 
tions are located at airports (see figure 3), 
where the sampling equipment is operated by 
personnel from the Meteorological Services 
Branch of the Department of Transport. De- 
tailed discussions of the sampling procedures, 
methods of analysis, and interpretation of 
results of the radioactive fallout program are 
contained in reports of the Department of Na- 
tional Health and Welfare (3-7). 

A summary of the sampling procedures and 
methods of analysis was presented in the De- 
cember 1965 issue of Radiological Health Data. 


1 Prepared from information and data in the Decem- 
ber 1965 monthly report “Data from Radiation Pro- 
tection Programs,” Canadian Department of National 
Health and Welfare, Ottawa, Canada. 


Surface air and precipitation data for 
November 1965 are presented in table 2. Spec- 
ific radionuclide data are presented in table 3. 


Table 2. Canadian gross beta activity in surface air and 
precipitation, November 1965 



































Air Surveillance Precipitation 

measurements 

Station Activity (pCi/m!) Average| Total 

Num- concen- | deposi- 

ber of tration tion 

sam- | Maxi- Mini- Aver- (pCi/ |(nCi/m*) 
ples mum mum age liter) 
Calgary......--.- 30 0.2 0.0 0.1 37 1.2 
Coral Harbour- - - 30 0.1 0.0 0.0 73 0.7 
Edmonton. - - - -- 30 0.1 0.0 0.1 38 0.7 
Ft. Churchill _ _ _ - 29 0.1 0.0 0.0 31 0.8 
Ft. William - ---- 30 0.1 0.0 0.0 21 1.7 
Fredericton - _ - -- 30 0.1 0.0 0.0 16 2.2 
Goose Bay - ----- 30 0.1 0.0 0.0 28 3.3 
Bo viccamawal 29 0.1 0.0 0.1 27 3.0 
do eaned 30 0.1 0.0 0.1 42 0.5 
Montreal _______- 29 0.1 0.0 0.1 20 2.6 
Moosonee  - - _ - - - 30 0.1 0.0 0.0 35 1.4 
eee 30 0.1 0.0 0.0 15 1.5 
Quebec. -_....... 29 0.1 0.0 0.0 20 2.7 
) ae 30 0.1 0.0 0.1 38 0.9 
eS See 26 0.2 0.0 0.0 346 1.9 
St. John’s, Nfid- - 29 0.1 0.0 0.0 22 3.8 
Saskatoon------- 30 0.1 0.0 0.0 29 0.5 
Sault Ste. Marie. 26 0.1 0.0 0.1 19 2.9 
, epg 30 0.1 0.0 0.1 37 2.7 
Vancouver - - ---- 30 0.1 0.0 0.0 30 3.7 
Whitehorse -_---- 30 0.1 0.0 0.1 50 1.0 
, aa 30 0.1 0.0 0.1 45 1.9 
Winnipeg - - ----- 29 0.1 0.0 0.1 34 1.5 
Yellowknife_ _ _ -- 30 0.1 0.0 0.0 13 0.4 
Networksummary - — 0.2 0.0 0.0 44 1.8 
I 
































Figure 3. Canadian air and precipitation sampling stations 
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Table 3. Radionuclide deposition, nCi/m?, in Canadian 
fallout, November 1965" 














Station Sr | ICs 
Calgary.....-- 0.07 | 0.20 
Coral Harbour. . 0.08 | 0.18 
Edmonton. . - - ag AE TES 0.03 0.08 
Ft. Churchill. 0.03 0.06 
Ft. William. | 0.05 | 0.15 
Fredericton. - Sitka Rien --| 0.11 0.21 
Goose Bay -. -- - was a scot 0.09 0.21 
Halifax. - : 0.22 | 0.43 
A OE aint e eases 0.01 0.08 
Re ARE i. cea wemwae he 0.16 0.22 
8 NERS Se ea eee 0.11 0.15 
Ottawa. ....65% 0.10 0.22 
ea Re ae liek don dug 62 heen hapiee 0.15 0.47 
ee as Lie Colne ad qe ede swe ab « 0.03 0.06 
ih ods . ekodakeeeeneee 0.12 0.19 
es oe. etc eathawesbcous 0.35 0.55 
RE ete hic idcnan eases one's 0.04 0.06 
«  gendenetKoadbewescereh= 0.10 0.50 
NA ES T.Lak whey vbwus on so enegep ohn 0.22 0.30 
EL... Ja dnetidh ke wéwl os ob on tah aie 0.30 0.49 
i os cea hee oe acne 0.07 0.13 
Sas ee ieinn 0.11 0.20 
ae eee adda > cngceheneasknubs 0.09 0.06 
_ — Sa RES SSS eee eo 0.02 0.04 
nin einadiienaskevtndepeedet eee 0.11 0.22 





* Strontium-89, zirconium-95 and barium-140 are not reported due to 
insignificant levels. 


3. Mexican Air Monitoring Program 
November 1965 


National Commission of Nuclear Energy 


The Radiation Surveillance Network of 
Mexico is operated by the Comisién Nacional 
de Energia Nuclear (CNEN), Mexico City. 









PACIFIC 


OCEAN. 











Figure 4. Fallout network sampling stations in Mexico 
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From 1952 to 1961, an earlier network was 
directed by the Institute of Physics of the 
University of Mexico, under contract to the 
CNEN (8-12). 


The new Radiation Surveillance Network, 
operated by CNEN’s Division of Radiological 
Protection, consists of 17 stations (see figure 
4), 12 of which are located at airports and 
operated by airline personnel. The remaining 
five stations are operated by staff members of 
other agencies. 


Sampling procedures were discussed in detail 
in the December 1965 issue of Radiological 
Health Data. 


Table 4 presents the maximum, minimum, 
and average gross beta activity concentrations 
in surface air during November 1965. 


Table 4. Gross beta activity of airborne particulates, 
Mexico, November 1965 























Number Gross beta activity, pCi/m* 
Station of 
samples 
Maximum | Minimum | Average 
he OE eee: NAR — 
Acapulco®*. -- -- -- , f | 
Ciudad Judrez__......-. 20 0.3 <0.1 | 0.1 
Chihuahua. - - - ncaa 19 0.2 <0.1 0.1 
0 TE += 12 0.2 <0.1 0.1 
Guadalajara_........._. 12 0.1 <0.1 <0.1 
Guaymas_--_----- ¥ 15 0.1 <0.1 <0.1 
Peck sencces - 4 <0.1 <0.1 <0.1 
Matamoros..-- -- 1 
Mazatlan. _- - - - 2 <0.1 | <0.1 | <0.1 
“has oe 11 0.1 | <0.1 <0.1 
México, D.F.. - - tad 13 0.1 <0.1 <0.1 
Nuevo Laredo... - -- ~~ -- 9° 0.2 | <0.1 | <0.1 
| 

San Luis Potosi-_-___-_---. 15 0.1 <0.1 <0.1 
Pin ondead oda 20 0.2 <0.1 <0.1 
PEP So SE 26 0.2 <0.1 <0.1 
Tuxtla Gutiérrez*._____- 

PE Chocctcnntod 6 0.1 <0.1 | 0.1 





* Temporarily shut down. 


4. Pan American Air Sampling Program 
November 1965 


Pan American Health Organization 
and Public Health Service 


Gross beta activity in air is monitored by 
countries in the Americas under the auspices 
of a collaborative program developed by the 
Pan American Health Organization (PAHO) 
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and the Public Health Service (PHS) to assist 
PAHO-member countries in developing radio- 
logical health programs. The sampling equip- 
ment and analytical services are provided by 
the Division of Radiological Health, PHS, and 
are identical with those employed for the Ra- 
diation Surveillance Network. The air sampling 
station profiles are shown in figure 5. 

The November 1965 air monitoring results 
from the participating countries are given in 
table 5. 


Table 5. Gross beta activity in surface air, PAHO 


November 1965 























Gross beta activity, pCi/m?* 
Number 
Station locations of 
samples | Maxi- Mini- Aver- 
mum mum age * 
Argentina: Buenos Aires -- - -..--- 15 0.16 | <0.10 <0.11 
CR CR aii in ratconanwese 30 | <0.10 | <0.10 <0.10 
Jamaica: Kingston. ___..___..... 12 | <0.10 | <0.10 <0.10 
NS SS EEE Geet (>) 
Venezuela: Caracas.............. 22 | <0.10 | <0.10 <0.10 
West Indies: Trinidad. _____..... 21 | <0.10 | <0.10 <0.10 
Pan American summary -_......- 100| 0.16 <0.10 | <0.10 











* The monthly average is calculated by weighting the individual samples 
with length of sampling period. Values of <0.10 are assumed to 
0.10 for averaging purposes. If the < values represent more than 10 
percent of the average, a less-than sign is placed before the average. 

b Indicates no report received 
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Figure 5. Pan American Air Network sampling stations 
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Section IV. 


This section presents results from routine 
sampling of biological materials and other 
media not reported in the previous sections. 


Other Data 


Included are such data as those obtained from 
human bone sampling, bovine thyroid sam- 
pling, and environmental monitoring reports. 


RADIONUCLIDES IN ALASKAN CARIBOU AND REINDEER, 1963-1965 


Division of Radiological Health 
Public Health Service 


Under a cooperative agreement between the 
Alaskan Departments of Health and Welfare 
and of Fish and Game, and the Public Health 
Service, an active program of caribou and rein- 
deer sampling and analysis was undertaken in 
1963 to aid in the assessment of radionuclide 
intake of Alaskan residents. The basis for this 
joint sampling activity was a limited sampling 
effort conducted by these groups in 1962. 

Through the second quarter of 1964, the 
sampling was confined to the three principal 
caribou (Rangifer caribou) herds and one 
privately owned reindeer (Rangifer tarandus) 
herd. This program was expanded when, be- 
ginning in September 1964, the sampling of 
additional privately owned reindeer herds was 
begun through the assistance of the Fish and 
Wildlife Service and Bureau of Indian Affairs, 
Department of Interior. 


March 1966 


Figure 1 shows the locations and approxi- 
mate number of animals in the caribou and 
reindeer herds sampled. In general, the rein- 
deer herds are located on or near the Seward 
Peninsula and on two islands off the western 
coast of Alaska. 

Samples of muscle, rumen contents, and bone 
from five animals (2- or 3-years old) in each 
herd sampled are collected in approximately 
April, July, September, and December of each 
year. The muscle samples, weighing about 2 
pounds each, are frozen for shipment. The 
bone samples consist of the hock from each 
animal. The rumen content samples, weighing 
about 2 pounds wet, are frozen for shipment. 
All samples are shipped in dry ice to the Pub- 
lic Health Service Southwestern Radiological 
Laboratory in Las Vegas, Nevada, for analysis. 

The analytical procedure includes gamma- 
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Table 1. Average radionuclide values in caribou and reindeer muscle 





pCi/kg wet weight 





























Number 
Specimens and sampling dates of Cesium-137 
samples | Strontium-89 | Strontium-90 
Average Range 
Caribou 
Arey We 
DE nb 02.5 csheues te essen 3 8<5 ®17 4,860 | 3,750- 5,680 
4/27-5/19/64_- 5 a<5 * 400 13,800 | 5,000-21,000 
8/20-8/29/64__- 5 ®<5 » 40 700 - 1,000 
12/7-12/15/64 _- 5 <5 219 3,900 | 1,400- 5,300 
4/14/ Fite aap R28 5 8<5 922 9,600 , 300-14 ,000 
San click anktaess 5 a<5 *il 7,720 | 4,000-12,000 
11/16- 1720765 Diab uscecanane eneet 5 95 sl 6,220 | 4,300- 7,400 
Nelchina herd 
11/24-11/25/63 a ere 5 05 ® 33 21,800 | 16,900-26, 400 
4/24-4/26/64 LSB Efe Sapo 5 *10 a54 5,560 | 2,600-10,000 
ind nn non caine 1 <5 31 ,300 
0/15/64 SN 2) Ss ah ae 9 05 * 20 4,220 650- 6,200 
12/8 12/0/64 Se co ihacie e aeiatied 5 a<5 * 30 14,000 | 7,900-22,000 
ed ONES gat gegen 5 *<5 * 48 27,600 | 16,000-39,000 
hit Lees. 5 a<5 °7 4,000 | 1,600- 7,300 
9/25-9/29/65 5 <5 = 26 8,160 | 5,900-10,000 
SEE Ft Pa lacn cohantinbaunnt 5 <5 * 33 17,200 | 14,000-22,000 
Peninsula herd 
ae ee 5 *10 * 84 44,800 | 33,600-57,700 
ins chante <sahant 5 a<5 *14 14,800 | 13,000-18,000 
ee See 4 a<5 *5 1, 1,400- 2,000 
cued 5 <5 *11 4,630 | 1,200- 9,250 
IDNs nc tcnok es caeee 5 a<5 31 18,000 | 8,700-31,000 
a RIE ES iy Sa 5 <5 a4 2,000 820- 3,200 
LRG Bib 3 de RRR 5 <5 *15 18,000 | 11,000-32,000 
SU ities fete chen 5 a<5 “7 20,100 | 12, 400-25 ,000 
Reindeer 
R-1 
ie REE SR: 4 *5 31 7,190 | 6,730- 7,540 
Ne oo es 5 *5 “74 3,340 | 2,300- 4,900 
BATE... 2-2 ene se ecee sce scee 4 95 * 268 23,000 | 13,000-30 ,000 
fe RL 1 5 578 34,000 
SS 2 “5 *68 | 19,600 | 13,400-25,800 
MES a ccktntenah cokvinackee 4 85 * 64 14,000 | 5,100-32,000 
SA Oa Eee 3 85 «38 8,490 | 7,660-10,000 
| faa apg Lr gaielenage 5 “5 * 68 12,000 | 4,900-29;000 
GEE aia SS > saat 5 85 825 18,000 | 13,000-24,000 
| dae tee heaps apegeneedecs 5 | a <5 | 14 6.000 | 4/000- 8/100 
11/30/65 MERE, De ey 5 a<5 | *25 16,800 | 14,000-22,000 
12/15/64 rises eacleluislaadsent 5 <5 * 66 35,000 | 25,000-47 ,000 
a ee aaa a 5 2 act 5 <5 * 90 27,000 | 23,000-35 ,000 
-6 
12/15/64 5 a<5 * 96 19,000 | 11,000-30,000 
By 64 5 “<5 | *86 | 30,000 | 14,000-37,000 
9/18/64 5 <5 | 75 7,050 | 5,000- 9,200 
12/24/64 5 0 <5 | »128 | 25/000 | 9/800-35'000 
4/1/6 5 <5 * 28 31,200 | 27,000-34,000 
8/18/65 35 7,700 | 4,000-15,000 
-9 
9/24/ 4 “<5 | *10 4,860 | 2,080- 7,530 
Wye 11/20/64 5 b — b— 13,000 | 4,400-16,000 
13/15/64 5 <5 | * 127 28,000 | 23,000-34,000 


* Indicates samples composited before analysis. 


> Dash indicates no analysis. 











scintillation spectrometry for cesium-137 and data are presented in tables 1-3 for caribou 
other gamma emitters. Strontium-89 and stron- and reindeer muscle, rumen contents, and bone, 
tium-90 are determined by chemical separa- respectively, for the period November 1963 
tion followed by beta counting. Analysis for through December 1965. 

stable calcium is done by a flame-photometric The muscle data are of prime interest since 


method. 


muscle, in contrast to rumen or bone, is an 


Strontium-89, strontium-90, and cesium-137 important constituent of the diet for many 
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Table 2. Average radionuclide values in Alaskan caribou and reindeer rumen contents 






































pCi/ke wet weight 
Number 
Specimens and sampling dates of Cesium-137 
samples | Strontium-89 | Strontium-90 | 
Average Range 
Caribou 
Aretie herd 
es oe int a dbinn's 3 | * 500 "4,440 | 4,430 | 3,980-4,770 
B/ar-B/10/O4... 2-22-2222... 5 | a<5 * 1,680 4,440 | 4,000-6,000 
SG ia 0. Si watins see oa 5 | » 40 * 1,700 1,470 970-2' 200 
ONS eee 5 *<5 | * 4,500 5,080 | 4,400-6; 100 
Reyeeaey ieee... ...--.-22..--.--- 5 s<5 | * 4,020 4,100 | 1,800-6,300 
a AR 5 — b— | *8,400 
li ER Sea EE 5 b— b— | 4,700 
SIL Sher vias se4cxeins ences 5 b— b— | »5,600 
Nelchina herd | 
J Or) es 5 * 400 * 5,150 4,880 | 1,100-7,430 
3) J: yaaa coeeeae 5 a<5 © 1,550 8,400 | 2,500-12,000 
8/26/64 RS Oa ates 55 IR 1 <5 346 | 8,900 
I cg 9 | a<5 *207 | 3,030 550-4, 500 
12/8- 12/0/64 ald cae'a Dtdlens tt 5 | s<5 "4,430 | 7,200} 4,300-9,000 
ow Og READS 5 | _ b—| »8'600 
Th 9738/65 ya} saptic SS Dsb gy 5 b— b— | 5,100 
9/25- 79/20/88 A SEN Gee Soe peep 5 b— b - » 7,600 
[GS pe AGI Te REN 5 Dans b— | 26500 
Peninsula herd 
Lt MO Sane 5 * 1,550 *5,700| 7,920 4,020-12,300 
BPTUBIOR oc .. 6.4 ..a.--.- 0 5 n<5 *1,300| 1,840} 1,400-2,600 
he pen SRR eam 5 a<5 | *311 | 690 620-740 
EE 5 a <! *825 | 5,890| 1,500-13,3 
SReestO/AVPOR. |. ....-+0--2--.-- 5 » 3,120 "2,410 | 4,900 | 2,200-8, 000 
(RRR ce RE i 5 a<5 ® 487 * 770 
Re OT RE: 5 - b— | *6,600 
NGM... cocEt ia. coe ceuks 5 b— b— | #8,100 
el 
RE ONS Op a 4 a<5 *5,600| 4,650} 3,760-5,360 
RE origin, + Shcunlthinen chs 5 | a<5 * 4,480 | 5/400 | 2,300-7;900 
Pin y | 
7a tS St Sle: 1 | <5 | 3,910 | 6,900 
cet tisa tiie winrsinch 1 | <5 | 315 | 10,900 
SG 5 cua diy duns one ie 3 | a<5 "5,810 | 5,500 | 5,200-5,700 
. | | 
MME Rt Th AN Sal Sa 1 <5 | 1,710 | 5,770 | 
I aac divn Lika ddwn a 5 <5 | "2,440 | 1,900 | 1,000-2,700 
itt tens ih yeas up ik | 5 b— | b— | = 5,000 | 
AR Sa | 5 | Sa, >— | »5,600 | 
Rh ioe aS SS SSA ae 5 | “5 | » 3,060 3,600 | 2,500-4,510 
RNIN shinai. <udee a becakuesnt 5 | <5 | * 4,040 | 5,400 | 1, 100-10 , 000 
NE a Ee 4 | “<5 | "720 1,070 | _ 660-1,900 
1171091736764 | Se eerromegEe 5 | > — b—| 4,400 | 1,700-8; 500 
Mee eee ee 5 | »<5 | "4,930 | 4,600 | 








* Indicates samples composited before analysis. 
» Dash indicates no analysis. 


Alaskan residents. A tendency toward increased concentration of cesium-—137 decreases sooner 
cesium-137 values in caribou and reindeer in these animals than the Arctic herd because 
muscle during and immediately following the of an earlier spring where they graze. 

winter diet and lower values during and im- 

mediately following the summer diet can be Previous coverage in Radiological Health Data and 
seen. Also, a trend is noted in caribou muscle Reports: 

values with the Peninsula herd reaching the 


highest concentrations in the winter months ee ‘ eae er oe 
and the Nelchina herd following. However, the 1963-1964 May 1965 
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Table 3. Average radionuclide values in Alaskan caribou and reindeer bone 

















pCi/g ash pCi/kg wet weight 
Number 
Specimens and sampling dates of Cesium-137 
samples | Strontium-89 | Strontium-90 
Average Range 
Caribou 
Arctic herd 
OO Scere re 3 * 60 ® 225 170 120-210 
4/27-6/10/04.....- 2.222222. eeee 5 a<5 * 143 b— 
=e 5 a<5 * 137 b— 
|, ee reer 5 e<5 * 128 714 510-920 
RPP OE Mies oc cccccccbuckeescs 5 a<5 * 125 bi 
|, | =a eeePreeerres 5 
CAPSS OM ORs 00 Se ccbaucusenses 5 
Nelchina herd 
11/24-11/25/63___............-.- 5 a<5 *117 920 520-1 ,940 
4/24-4/96/04.......-.....-.-.2.- 5 a<5 * 143 b6— 

Ph d4>. Bhtaesnnnsentéisnes> 9 e<5 * 84 790 470-1 ,000 
Sed st ubsaebustasixceédase 5 a<h * 69 b6— 
inenencaekabansatitsuhese 5 

Peninsula herd 
ry Sef AL SeskUvcenivesscuce 5 a<5 *118 3,920 3, 240-4, 780 
| ——orepegquaaagses: 5 a<5 *116 b6— ¢« ND-2,180 
0/26- DEL « dbebd dot eandked ve 5 a<5 b1i4 810 
«CL URI a fee SR, | 4 a<5 *115 b— 
Hy Aya _ PEC te Got) ae | 5 a<h 5169 b— 
PRT oop nity CREO | 5 a<5 * 776 b— 
o Noyes wh bvbbbwedvesnedsdsbeee6 4 
Reindeer 
eae baths abdvodssaostvadtcuse 4 8 25 * 64 830 750-920 
it ditiabenatendsbndnacdaken 5 a<5 * 96 2,240 1, 300-2, 700 
WoAb/é4 kb dchits civbehs bcnedénebu 5 a<5 *116 b 
12/15/64 dita adevibddcubbidbacdsde 1 <5 105 b6— 
9/26/64 2 a<5 * 184 3,670 1, 880-5 , 460 
Y viene 5 7 *175 b— 
9/25/64 3 a<5 *115 2,050 1 ,080-2 , 880 
12/15/64 5 a<5 *135 b— 
CS ge See: 4 <5 * 185 b— 
its ER IG A Eo FE a<5 * 197 bi 
Sih. 4trebetbtanua tne cansauen 5 s<5 * 269 b_. 
eR! Fame AE 5 “<5 * 185 1,420 | 1,060-1,790 
|, ae ee ee 5 a<5 *178 2,000 360-3 , 700 
NESTE “o La eesen f 4 “<5 * 64 460 340-610 
ito" 780764 phuibitinn xeacdnsties & 5 a<5 #214 750 400-880 
12, ON eee eye 5 a<5 *214 b 
ae nae 5 a<5 *177 b— 




















* Indicates samples a before analysis. 
ysis. 


> Dash indicates no ana’ 
° ND indicates not detectable. 
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ENVIRONMENTAL LEVELS OF RADIOACTIVITY 
AT ATOMIC ENERGY COMMISSION INSTALLATIONS 


The U.S. Atomic Energy Commission re- 
ceives from its contractors semiannual reports 
on the environmental levels of radioactivity in 
the vicinity of major Commission installations. 
The reports include data from routine monitor- 
ing programs where operations are of such a 
nature that plant environmental surveys are 
required. 

Releases of radioactive materials from AEC 
installations are governed by radiation stand- 
ards set forth by AEC’s Division of Opera- 
tional Safety in directives published in the 
“AEC Manual.” 

Summaries of the environmental radioactiv- 
ity data follow for the Argonne National Lab- 
oratory, Atomics International, Feed Materials 
Production Facilities, and National Reactor 
Testing Station. 


1. Argonne National Laboratory 
January-June 1965 * 


University of Chicago 
Lemont, Illinois 


The radioactivity of the environment is de- 
termined on a continuing basis by measuring 
the radioactivity in naturally occurring mate- 
rials collected both on and off the Argonne 
National Laboratory site. Since radioactivity 
is usually spread by air and water, the envi- 
ronmental monitoring program at Argonne has 
concentrated on these materials. The sampling 
locations discussed in this report are shown in 
figures 1 and 2. 


1 Part 20, “Standards for Protection Against Radia- 
tion,” AEC Rules and Regulations, contains essentially 
the standards published in the “AZC Manual.” The 
AEC Rules and Regulations are available from the 
Superintendent of Documents, U.S. Government Print- 
ing Office, Washington, D.C. 20402, on a subscription 
basis at $3.50 for 3 years. 

2? Summarized from “Environmental Radioactivity at 
Argonne National Laboratory, January-June 1965,” 
University of Chicago, Lemont, Illinois. 
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Air monitoring 

Air-filter samples were collected continuously 
at seven locations on the Argonne site and at 
five locations off the site. Sampling on char- 
coal for radioactive iodine was conducted on 
the site only. Iodine activity in excess of the 
minimum detectable concentration of 0.2 
pCi/m* (0.2 percent of the MPC') was not 
detected. The total alpha and beta activities 
in the air-filter samples are summarized in 
table 1. No activity attributable to Argonne 
operations was found in any of these samples. 
The alpha activities were normal both on and 
off the site and were in the range found in 
previous years. The beta activity was due prin- 

















@ Sow Mill Creek Sompling 
Locations 


Figure 1. Sampling locations on the site of Argonne 
National Laboratory 
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cipally to long-lived fission and neutron acti- 
vation products from nuclear test detonations 
of previous years. In addition, short-lived fis- 
sion products from a nuclear detonation con- 
ducted on the Chinese mainland on May 14, 
1965, were present in air beginning on May 21. 
The increase in radioactivity due to this test 
was about 0.2 pCi/m’, about the same as that 
observed after the first Chinese test in October 
1964. Concentrations of several fission prod- 
ucts in air are given in table 2. 





Water monitoring 





A AiR samPcine Locations 


Lockport p> WATER SAEPLNG LOCATIONS Argonne waste water is discharged into 


ccas ov wines Sawmill Creek, a stream that runs through the 
Joliet a Argonne grounds and enters the Des Plaines 





River about 500 yards downstream from the 
waste water discharge. Sawmill Creek was 
Figure 2. Sampling locations near Argonne sampled above and below the discharge to eval- 

National Laboratory uate the effect of the waste water on the radio- 








Table 1. Total alpha and beta activities in air-filter samples, January-June 1965 * 









































Alpha activity, pCi/m!* Beta activity, pCi/m!* 
Month, 1965 Location Number of 
samples 
Average | Minimum | Maximum Average Minimum Maximum 
POD onnb- ns annecaessieescsnedesen Onsite 27 0.0039 0.0019 0.0070 0.2 0.1 0.3 
Offsite 23 0.0039 0.0019 0.0063 0.2 0.1 0.3 
Ao. Jnthibamive amas wekmentel Onsite 21 0.0037 0.0004 0.0067 0.3 0.1 0.4 
Offsite 18 0.0038 0.0022 0.0061 0.3 0.2 0.4 
a ae ee Onsite 27 0.0033 0.0018 0.0079 0.3 0.2 0.5 
Offsite 18 0.0030 0.0013 | 0.0056 0.3 0.2 0.5 
Re, ET eye, ee Onsite 25 0.0040 0.0u17 | 0.0075 0.3 0.2 0.4 
Offsite 16 0.0045 0.0021 0.0075 0.3 0.2 0.5 
hss. ie Sin dn ninth cian wii band ool Onsite 24 0.0037 0.0024 | 0.0070 0.4 0.2 0.7 
Offsite 17 0.0040 0.0023 | 0.0059 0.4 0.2 0.5 
SRE EERE See Onsite 25 0.0034 0.0021 | 0.0060 0.6 0.4 1.1 
Offsite 23 0.0038 0.0014 0.0057 0.7 0.4 1.2 
NET «bili os ocdiectdo cde siieds Onsite 149 0.0037 0.0004 0.0079 0.4 0.1 1.1 
Offsite 115 0.0038 0.0013 0.0075 0.4 0.1 1.2 
{ 











* These results were obtained by measuring the samples four days after they were collected in order to avoid counting the natural radioactivity due to 
radon and thoron decay products. This activity is normally preseat in the air and disappears within four days by radioactive decay. 


Table 2. Gamma-ray activity in air-filter samples, January-June 1965, pCi/m® 

















Radionuclides Location January February March April May June Average 
Is cnnkciicatniss dtd nnaemeee Onsite <0.01 0.01 0.01 0.01 0.01 0.01 0.01 
Offsite <0.01 0.01 0.01 0.01 0.01 0.01 0.01 
Barium-140-lanthanum-140__._. ._... Onsite <0.01 <0.01 <0.01 <0.01 0.05 0.09 0.03 
Offsite <0.01 <0.01 <0.01 <0.01 0.06 0.11 0.03 
| ETA DES ak ew Onsite 0.06 0.09 0.11 0.11 0.11 0.15 0.11 
Offsite 0.07 0.11 0.13 0.11 0.13 0.i¢ 0.12 
> Ro Ad A dE Onsite 0.01 0.02 0.02 0.03 0.03 0.03 0.02 
Offsite 0.02 0.02 0.02 0.03 0.03 0.03 0.02 
Ruthenium-106-rhodium-106_-_. . ..... Onsite 0.05 0.04 0.06 0.05 0.09 0.07 0.06 
Offsite 0.05 0.04 0.06 0.08 0.06 0.09 0.06 
Zirconium-95-niobium-95_........... Onsite <0.01 <0.01 <0.01 <0.01 0.01 0.04 0.01 
Offsite <0.01 <0.01 <0.01 <0.01 0.01 0.05 0.01 
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activity in the creek. Radioactivity from Ar- 
gonne waste water, in amounts well below the 
MPC’s, was found in some samples of Saw- 
mill Creek water collected below the discharge. 
The concentrations of radioactive materials at 
this location are summarized in table 3. The 
table gives the average and maximum concen- 
trations in pCi/liter as well as the correspond- 
ing percentages of the MPC’s. 

A comparison of these concentrations with 
those above the discharge indicates that most 
of the uranium, thorium, plutonium, cesium- 
‘37, and cobalt-60 was added to the creek in 
the waste water while most of the strontium— 
90 was due to fallout. 


Table 3. Radioactivity in Sawmill Creek water 
below waste water discharge, January-June 1965 


| Concentration Percent of MPC 
(pCi/liter) | 


Element or nuclide FN BARRE Era SET Foy Pree eee Ne oe ees hae 


| 
| Average | Maximum Average Maximum 
] 1 | i a 





' 

Barium-140._........... | _ < | - | <0.007 
4 ee ae 1.1 3.3 0.006 | 0.017 
Sl aaa - <5 — | <0.005 
Cobalt-60.........- 1.6 14.1 0.003 0.028 
ERS pe _ <3 | —| <1 
PER. indus vive cnwooel <0.05 0.34 <0.001 | 0.007 
Strontium-89 _ ____ _. ee -- <2 —j| <0.02 
Strontium-90_.___.....- j 2.7 5.5 | 0.9 1.8 
Thoriun-ses............| 0.11 0.81 | 0.005 0.041 
Thorium-234- | | | 

protactinium-234._._. | 1.9 | 7.7 | 0.010 | 0.039 
ES ss bhi alk mcdineos -- <4,090 | | <0.13 
MS othe cenddndnwe 2.7 


| 10.6 | 0.007 | 0.027 





Since Sawmill Creek empties into the Des 
Plaines River, which in turn flows into the 
Illinois River, the radioactivity in these two 
streams is important in determining the effect 
of Argonne operations on the environmental 
radioactivity. The alpha, beta, and uranium 
activities found in these streams are summar- 
ized in table 4. Des Plaines River water was 
also analyzed for the other nuclides found in 
Sawmill Creek and, as was the case for the 
results in table 4, no significant differences in 
radioactivity between sampling locations of the 
river could be found. Apparently as a result 
of dilution, the activity in Sawmill Creek had 
no detectable effect on the radioactivity in the 
Des Plaines River. The alpha activities in the 
Des Plaines and Illinois Rivers were in the 
normal range and similar to earlier values. The 
natural beta activity in the Des Plaines and 
Illinois Rivers varies between 5 and 10 pCi/ 
liter. The additional beta activity in these 
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streams was due to fallout. There was no in- 
dication of activity from Argonne operations 
in either stream. 


Table 4. Average radioactivity in waters of the Des 
Plaines and Illinois Rivers, pCi/liter, January-June 1965 











Locations Alpha Uranium | Beta 
activity activity 
Des Plaines River (above Sawmill 
OE. EE RE. I 2.4 1.8 20 
Des Plaines River (below Sawmill | 
ES RES TR age e RR 2.3 1.5 20 
PE Fencvtinitees Gunkundhe 2.4 2.2 16 














C a ane near Highway Route 45, upstream from the mouth of Sawmill 
reek. 


> Sampled near Lemont, downstream from the mouth of Sawmill Creek. 
¢ Average of two sampling locations: McKinley Woods State Park and 
Morris. See figure 2 for all sampling locations. 


Milk monitoring 


Three samples of raw milk produced in the 
area were analyzed monthly for a number of 
fisson products. The long-lived fission prod- 
ucts, cesium-137, and strontium—-90 were pres- 
ent in all samples. Their average concentra- 
tions were 80 and 14 pCi/liter, respectively. 
The shorter-lived fission products, barium-140 
and strontium—89 were found only in the sam- 
ples collected June 4, 1965, and are attributed 
to the Chinese test of May 14. The concentra- 
tions of these fission products in the June sam- 
ples were 24 and 14 pCi/liter, respectively. 


Summary 


Fallout activity was present in all types of 
samples and at all locations throughout the 
year, but in lower concentration than in 1964. 
Argonne’s contribution to the environment was 
confined to Sawmill Creek below the waste- 
water discharge. Radioactivity originating at 
Argonne was not found in any other material 
or at any other location off the site. The con- 
centrations of radioactive substances added to 
the environment during the year by Argonne 
were considerably less than the MPC’s and did 
not constitute a health hazard. 


Previous coverage in Radiological Health Data and 
Reports: 








Period Issue 
July-December 1960 July 1961 
January—June 1961 December 1961 
July-December 1961 May 1962 
Calendar year 1962 May 1963 
Calendar year 1963 August 1964 
January-June 1964 March 1965 


July-December 1964 September 1965 
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2. Atomics International 
January-June 1965 * 


North American Aviation, Inc. 
Canoga Park, California 

Atomics International, a Division of North 
American Aviation, Incorporated, has been en- 
gaged in atomic energy research and develop- 
ment since 1946. The company designs, devel- 
ops, and constructs nuclear reactors for cen- 
tral station and compact power plants, and for 
medical, industrial, and scientific applications. 

The company headquarters is located in 
Canoga Park, California, approximately 23 
miles northwest of downtown Los Angeles. 
The 290-acre Nuclear Development Field Lab- 
oratory (Santa Susana Facility), equipped with 
extensive testing facilities for the support of 
advanced nuclear studies, is in Ventura County 
in the Simi Hills approximately 29 miles north- 
west of downtown Los Angeles. The location 
of the above sites in relation to nearby com- 
munities is shown in figure 3. 

3Summarized from “Environmental Monitoring, 


Semiannual Report, January 1, 1965, to June 30, 1965,” 
Atomics International. 


The basic concept of radiological hazard con- 
trol at Atomics International encourages total 
containment of radioactive materials and, 
through rigid operational controls, minimizes 
effluent releases and external radiation levels. 
The environmental monitoring program pro- 
vides a check on the effectiveness of radiolog- 
ical safety procedures and of engineering safe- 
guards incorporated into facility design. 

The environs of Atomics International head- 
quarters and Nuclear Development Field Lab- 
oratory (NDFL), are surveyed monthly to de- 
termine the concentration of radioactivity in 
typical surface soil, vegetation, and water sam- 
ples. In addition, continuous environmental air 
monitoring at the sites provides information 
concerning airborne particulate radioactivity. 


Air monitoring 

Environmental air sampling is conducted 
continuously at the headquarters and NDFL 
sites with automatic air samplers operating on 
24-hour sampling cycles. Airborne particulate 


radioactivity is collected on a filter tape which 
is automatically changed at the end of each 
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Figure 3. Atomics International Facilities and vicinity 
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sampling period. The filter is removed from 
the sampler and counted after the radioactiv- 
ity is allowed to decay for at least 72 hours. 
The volume of a typical daily environmental 
air sample is approximately 21 cubic meters. 
The average concentration of airborne partic- 
ulates is presented in table 5. 


Table 5. Radioactivity of airborne particu- 
lates (beta-gamma activity, pCi/m*) 




















1964 First half 1965 

Location oa ree | 1a pena 

Number Average Number | Average 

of samples| concen- | of samples; concen- 

tration tration 
Headquarters_-__-.......- 355 SY 182 2.0 
ee ia a _.| Insufficient data 69 | 1.9 

| | 











Water monitoring 


Process water used at the NDFL is obtained 
from wells and stored in 50,000-gaillon tanks. 
Potable water is delivered to the site by a 
vendor and is not analyzed. Well water is sam- 
pled monthly from the supply line at two loca- 
tions. The average well water radioactivity is 
presented in table 6. 


Table 6. Well water radioactivity—NDFL (pCi/liter) 


First half 1965 




















1964 

Activity ad tol a eave cm whe. + * 
Number | Average | Number | Average 

of samples| concen- | of samples; concen- 

tration tration 
Bia tidliscenenaces | 23 <0.18 | 12 0.22 
Beta-gamma...........- | 23 | <5.3 | 12 6.5 
Soil, vegetation, and water are sampled 


monthly at Chatsworth Reservoir, which is op- 
erated by the Los Angeles City Department of 
Water and Power. Soil and vegetation radio- 
activity data for the reservoir is averaged into 
data presented in tables 7 and 8. Normally, 
one water sample is obtained from the lake 
surface and a second sample is obtained from 
the reservoir supply inlet located on the north 
side of the lake. The average radioactivity for 
both surface and supply water samples is pre- 
sented in table 9. 

In the laboratory, 500 ml of water is evap- 
orated to dryness in crystallizing dishes at 
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approximately 90°C. The residue salts are 
transferred to stainless-steel planchets, wetted 
with distilled water to produce a uniform sam- 
ple distribution, redried under infrared lamps, 
and counted. 


Soil and vegetation monitoring 


Soil and vegetation are sampled monthly at 
24 locations. Twelve sampling stations are lo- 
cated within the boundaries of Atomics Inter- 
national’s sites and are referred to as “onsite” 
stations. The remaining 12 stations, located 
within a 10-mile radius of the sites, are re- 
ferred to as “offsite” stations. 

Surface soil types available for sampling 
range from decomposed granite to clay and 
loam. Samples are taken from the top half- 
inch layer of ground surface. The soil samples 
are packaged and sealed in plastic containers 
and returned to the laboratory for analysis. 

Sample preparation consists of transferring 
the soils to Pyrex beakers and drying in a 
muffle furnace at 500°C. for approximately 8 
hours. After cooling, the soil is sieved to ob- 
tain a uniform particle size. One-gram ali- 
quots of the sieved soil are weighed and trans- 
ferred to stainless-steel planchets. The soil is 
wetted in the planchet with acetone, agitated 
to obtain uniform sample thickness, redried 
and counted. Radioactivity in soil is presented 
in table 7. 


Table 7. Radioactivity in the soil (pCi/g) 














1964 First half 1965 
Area Activity <a ] 
Number | Average Number | Average 
of samples) concen- |of samples} concen- 
| tration | | tration 
tT a ee Se en meee 
Onsite | Alpha | 152 | <0.46 | 72| 0.49 
| Beta-gamma | 146 | 32 = | 72| 24 
Offsite | Alpha 299 | <0.44 | 70| <0.51 
| Beta-gamma | 


2023| 2 | 70| 17 
| | | 


Vegetation samples obtained in the field are 
of the same plant type wherever possible, gen- 
erally sunflower or wild tobacco plant leaves. 
These types maintain a more active growth 
rate during the dry season than do must nat- 
ural vegetation indigenous to the local area. 
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Vegetation leaves are stripped from plants and 
placed in ice cream cartons for transfer to the 
laboratory for analysis. Plant root systems are 
not routinely sampled. 

Vegetation samples are first washed with tap 
water to remove foreign matter and then thor- 
oughly rinsed in distilled water. Washed veg- 
etation is placed in porcelain crucibles and 
ashed in a muffle furnace at 500°C. for approx- 
imately 8 hours, producing a completely ox- 
idized ash. Three hundred milligram aliquots 
of pulverized ash from each crucible are 
weighted and transferred to stainless-steel 
planchets for counting. Radioactivity in vege- 
tation is presented in table 8. 


Table 8. Radioactivity in vegetation (pCi/g ash) 





1964 | First half 1965 








Area Activity BOT? al sy2 
} Number | Average Number | Average 
of samples} concen- jof samples) concen- 
| tration | tration 
ee a a a a 
} } | 
Onsite Alpha | 154 | <0.50 72| <0.62 
| Beta-gamma | 148) 211 | 72| 177 
Offsite | Alpha 293 | <0.51 | 70| 0.78 
| Beta-gamma | 209 | 181 70 | 156 
| | 








Table 9. Chatsworth Reservoir water radioactivity 
(pCi/liter ) 
1964 First half 1965 
Sample Activity Nt Dike red ae SE Wee 
| Number | Average Number | Average 
| of samples} concen- |of samples| concen- 
tration tration 
Lake Alpha 18; 0.71 | 6 0.53 
surface —-—— ——_—_—_—__|__—_ — 
Beta-gamma 18 10 } 6 9.8 
Supply Alpha 12 0.49 | 6 0.44 
inlet -— —-——|— - —— 
Beta-gamma_ | 12 8.8 | 6 12.2 





Previous coverage in Radiological Health Data and 
Reports: 


Issue 

December 1961 
August 1962 
November 1963 
September 1964 
March 1965 
September 1965 


Period 

1960 and first half of 1961 
Second half 1961 

Calendar year 1962 
Calendar year 1963 

First half 1964 

Second half 1964 
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3. Feed Materials Production Facilities 
January-—December 1964 ‘ 


Mallinckrodt Chemical Works 
Weldon Spring, Missouri 


Environmental monitoring results at the 
Feed Materials Production Facilities (FMPF) 
are reported in uranium concentrations since 
uranium ore concentrates constitute the pri- 
mary feed material. 

Process chemical wastes and other process 
residues are permanently retained in storage 
facilities (figure 4) located at the plant site 
and at two storage sites (one adjacent to the 
Lambert-St. Louis Municipal Airport and the 
other at a quarry near the Missouri River). 
The plant process sewer, which carries the re- 
maining water effluent from the operations into 
the Missouri River, is automatically sampled 
daily to permit continual measurement of any 
release of uranium-bearing material into the 
river. 


Air monitoring 


One 24-hour air sample per month is col- 
lected along the plant perimeter by each of 
nine high-volume sampling pumps (see figure 
5). Semiannual air samples are collected at 
four points on the perimeter of the airport 
storage site, and monthly air samples are col- 
lected at the south edge of the quarry. Semi- 
annual average uranium concentrations are 
reported in table 10. The average uranium con- 
centration noted in perimeter air samples col- 
lected in 1964 did not change significantly 
from the average obtained during the 1963 
sampling period. The average uranium concen- 
tration of these samples continued to remain 
below one-tenth of the MPC for air or non- 
occupational areas. Averages ranged from 0.15 
percent to 24 percent of the environmental 
MPC for uranium in air. 


*Summarized from “First Semiannual Off-site En- 
vironmental Monitoring Report-1964” and “Second 
Semiannual Off-site Environmental Monitoring Report- 
1964,” Weldon Spring Plant, Mallinckrodt Chemical 
Works, Uranium Division. 
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WELDON SPRING 
PLANT SITE 


St. Louis 
Water Supply 





U. s. 4. 


colewerer 


AIRPORT 
STORAGE SITE 


Lambert- St.Louis 
Municipal Airport 











Figure 4. Location of Feed Materials Production Facilities, Weldon Spring, Missouri 
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Figure 5. Perimeter air sampling stations, 
Weldon Spring Plant 
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Table 10. . Uranium concentrations in air, FMPF 
(average concentrations in pCi/m*) 





| | First half 1965 


| Second half 1965 
Site 








Station | | | l 

| locations | Number | Uranium | Number | Uranium 

of samples| concen- jof samples| concen- 

: tration tration 

| | | 

Plant in siesigbeds Siebel 4 0.23 | 1 | 0.27 
| eee 6} 0.30 | i O98 
| Sener | 5 0.20 | 3 | 0.015 

2 MRE {eat eS 1| 0.05 

pe dt 6 0.13 | 3| 0.02 

1 By cigigas ans 6 0.03 | 3] 0.02 

PPescses. ot 4; 0.08 | 1 0.47 

( Senge 4} 0.10 | Yer v= 

| eS. 3 0.32 1 0.15 
| Average... —s 0.163 — | 0.113 

Quarry South edge | 5 | 0.08 | 2 0.04 
Airport | North. 1} 0.09 NS 
,.. See 1 0.05 | - NS 
Batbusuuse- 1) 0.08 | - NS 
| South....-.- 1 0.03 — | NS 





~ NS, no sample collected 


Water monitoring 


In addition to daily samples from the plant 
process sewer, monthly offsite water samples 
are collected from lakes and streams located 
within the plant’s watershed, the Missouri 
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Previous coverage in Radiological Health Data and 
Reports: 
Period 


January 1959-—March 1960 
July 1960—June 1961 


River, and streams near the quarry, and air- 
port storage area site at the points indicated 
in table 11. Average uranium concentrations 
ranged from 0.01 percent to 5.2 percent of 
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November 1960 
November 1961 








the environmental MPC. These concentrations July-December 1961 July 1962 
ae s January—June 1962 November 1962 
are similar to those observed in 1963. July 1962-December 1963 May 1964 






































Table 11. Uranium concentrations in water, FMPF 
(average concentrations in pCi/liter) 
First half 1964 Second half 1964 
Sampling locations : 
Number of Uranium Number of Uranium 
samples concentration samples concentration 
Weldon Spring Plant Site: 
SS | See eee Ty dara, ON TE SAS FS 123 420 118 1,040 
Plant offsite sampling points: 
Ren, OD SI Co. . a ce es Baa bie ww eee 2 4 2 3 
Bey A OE OR, ocadbecccdecdovesvcsaveceh sich adbaecdbedsesescne 2 2 2 5 
Ry SU SS oo 35 eas SOIL. Cpe abd cckushha odengnbadow an teten 2 2 2 2 
es Gn NNR 2, a Te eee. cca cmseencoeemadsecous 2 6 2 4 
ae em ee ee Se Sa So ae RE TE pa? Bre eS 2 3 2 3 
Dardenne Creek, Cottleville bridge. - 2 4 2 4 
Dardenne Creek, St. Peters’ bridge 2 2 2 4 
Sees < eee, DEOUIED GUIIOD. oon cc cncnammcnaceocceccecewacudéenaiill 2 2 2 3 
SITIES a ee ee weduiaue 2 3 2 6 
enaee Cee, GONONN 23 oo as coe LLCS Bic cae De oho becd da Rccnedeaeca 6 11 6 5 
anit Wien MUN WEIR 65. tie dd 8 sas a SBaw ee eUbabhadbccedacccce 6 680 6 200 
NE NS CRE he ALE ES SNE ARE TR SIL 6 170 6 200 
Missouri River sampling points: 
Upstream at Deflones a YP ET Sey eee yh ee hs PCO En) eS 2 2 2 4 
Woetesnmn O6 Pome Genes sanction... o6. .. ocncantio cmon ndecddmcenrctencusaeess 2 11 a 5 
Oe. Meaieereny GG, Get Me 5a in ee ie ve tbc nce dadesud 2 2 2 4 
is i ee. Se oma ebbeaceahelinamicnaae anil 2 2 2 4 
bs: Se eer OD UR NO iiss i. once nsdecésuudibeaceecsceusues 2 3 2 3 
Quarry offsite sampling points: 
Tributary of Little Femme Osage, 4 mile upstream. ----..-......--..-----.----- 2 6 2 6 
Little Femme Osage, { mile upstream... ............----- ee een nee ce nec oseees 2 a Le 3 
Little Femme Osage at quarry discharge culvert.....................-.----------- 6 2 6 4 
Little Femme Osage, 4% mile downstream............_._..._...---..------------ 2 a 2 6 
Little Femme Osage, 14 miles downstream_..__..................------.------- 2 6 2 6 
Airport offsite sampling points: 
Cold Water Creek, southwest corner of site. .................---.--------------- 2 2 
Cold Water Creek, after site pond discharge................-.....-..------------ 1 4 1 200 
Cold Water Creek, northwest corner of site.......................--.----------- 1 1 3 
Drainage ditch, north of site * 











_ * Ditch dry, no sample collected 


4. National Reactor Testing Station 
January-June 1965 ° 


Health and Safety Division 
U.S. Atomic Energy Commission 
Idaho Falls, Idaho 


The National Reactor Testing Station 
(NRTS) is located in a very remote area, 
which permits controlled releases of radioac- 
tivity from the projects with minimum hazard 


5Summarized from “Environmental Monitoring 
Report No. 16, First and Second Quarters 1965,” U.S. 
Atomic Energy Commission, Idaho Operations Office, 
see me and Safety Division, National Reactor Testing 
ion. 
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to sizable population groups. The NRTS sur- 
veillance program is conducted by the AEC’s 
Idaho Operations Office. The monitoring pro- 
gram consists of periodic sampling of ground 
and surface waters, milk, and air. The loca- 
tions at which these samples are taken are 
shown in figure 6. The results of the analysis 
of these samples are shown in table 12. No 
wheat results were reported for this period. 


Offsite water monitoring 


Low-level liquid wastes resulting from oper- 
ation of the various facilities at the NRTS are 
released to the ground-water table through dis- 
posal wells and ponds located near the facil- 
ities. Although liquid wastes are monitored at 
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Figure 6. Environmental monitoring stations, National Reactor Testing Station 


Table 12. Environmental monitoring data for the National Reactor Testing Station, January-June 1965 





csr sd 


























Approximate | Minimum | Maximum Average | Applicable 
Type of sample and units | frequency of | Type of analysis| levelof | activity activity | concentration 
oie | collection | etection | of single per sample guides 
| | sample 
| | | 
Offsite underground water (pCi/liter) | 32 | Semiannual fiehe Sree ae 3 | 4 <4 | 100 
(“Sept J 20 9 | 100 
Onsite production well water (pCi/liter) 22 | Biweekly ea sliiedncaliatiiend 3 4 | <4 | ,000 
Saeed BES | ee 6 100 | <10 | 3,000 
Offsite air (pCi/m?) 815 | Continuous Beta-gamma..--| 1.6 6 | <2 | 100 
| Iodine-131_..._.| 3.6 6 | <4 | 100 
Offsite milk (pCi/liter) | 12 | Monthly | Todine-131._---- 20 | 63 | <2) | 100 
| Strontium-90----| 1.5 | 24 | 13 | 200 
- | | 
Offsite area monitoring badges (mR) | 815 Monthly | Gamma 10 | <10 | <10 | 170/yr 
| | | 





* Changed from 15 stations to 12 in April of 1965. 


the NRTS before disposal, offsite underground 
samples are collected regularly. Most of these 
samples are taken from an area southwest of 
the NRTS since this is the prevalent direc- 
tion of underground water flow. During the 
first half of 1965, 32 samples were collected 
on a semiannual basis from 32 sampling sta- 
tions. The average concentrations of alpha and 
beta emitters were less than 4 percent and 9 
percent of the applicable concentration guides. 
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The alpha activity is attributed primarily to 
radioactive elements which are naturally pres- 
ent in the environment. 


Onsite water monitoring 


Onsite samples were taken from the plant 
production wells in order to monitor potable 
water for detection and definition of contami- 
nation. Two hundred and one samples were col- 
lected from 22 sampling stations during the 
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first half of 1965, most on a biweekly basis. 
Analyses of these samples showed that average 
concentrations of alpha and beta emitters were 
less than 0.2 percent and 0.4 percent of their 
respective concentration guides. 


Offsite air monitoring 


Normal operations of the present radio tele- 
metry system calls for hourly reports by each 
station. These reports include information 
from: 

Ion chamber: This instrument measures 
ambient radiation levels in mR/hr. 

GM counter: HV-70 filter paper is cycled 
to a GM tube once a day. One GM 
tube measures the buildup of partic- 
ulate activity over the day and an- 
other measures the decay of the ac- 
tivity collected the previous day. 

Scintillation counter: Air which has prev- 
iously passed through the HV-70 par- 
ticulate filter then passes through a 
carbon cartridge. For surveillance 
purposes, the activity which is meas- 
ured hourly is assumed to be iodine— 
131. This cartridge remains in place 
for periods up to 6 weeks. 

Results of the data reported from the 15 
radiation telemetry stations indicate that the 
sum of the average concentrations of gaseous 
iodine-131 and particulate activity in the at- 
mosphere was less than 6 percent of the ap- 
plicable concentration guide. 


Offsite milk monitoring 


Routine analyses of iodine-131 and stron- 
tium-90 concentrations in milk continued on a 
monthly basis during the first half of 1965. 
However, during the latter part of May, sig- 
nificant concentrations of iodine-131 were de- 
tected in the Idaho Falls area Grade A milk. 
An intensive milk sampling program was ini- 
tiated during the period May 25 through June 
20, 1965. The highest concentration measured 
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during this period was 310 pCi/liter. This in- 
crease in radioactivity was attributed to fall- 
out from the Chinese nuclear test on May 14. 

Of the 72 routine analyses, only 8 samples 
were found to have concentrations greater than 
20 pCi/liter. As indicated in table 12, the av- 
erage iodine-131 levels, including the May- 
June samples, do not exceed 23 percent of the 
applicable concentration guide. Strontium—90 
concentrations in the same 72 samples showed 
the maximum activity to be 24 pCi/liter or 12 
percent of the applicable concentration guide 
with an average value of only 7 percent. 


Offsite area monitoring badges 


Offsite film badges were collected on a 
monthly basis during the first half of the year. 
The maximum radiation dose at a single loca- 
tion for any month as measured by film, was 
<10 mR of gamma radiation. The minimum 
detection limit for the 6 months was 60 mR 
of gamma, based on 6 film changes and a de- 
tection limit of 10 mR gamma on each film. 
For the purpose of calculating the maximum 
dose, each statistically zero result was assumed 
to be at the detection limit. The reported max- 
imum is therefore conservatively estimated to 
be the upper limit of the true dose at that 
location. Natural background radiation levels 
at film badge locations vary, but studies made 
prior to nuclear operations at the NRTS showed 
that normal background levels were of the 
order of 100-150 mR/yr. This indicates that 
NRTS operations add no significant radiation 
to surrounding areas. 


Previous coverage in Radiological Health Data and 
Reports: 





Period Issue 
July—December 1960 May 1961 
January—June 1961 January 1962 
July-December 1961 June 1962 
Calendar year 1962 June 1963 
Calendar year 1963 September 1964 
January—June 1964 March 1965 


July-December 1964 September 1965 
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Section V. Technical Notes 


GROSS ALPHA RADIOACTIVITY OF HUMAN BONES AND TEETH 


William E. Rothe? 


Bone sections from 51 cadavers, and molar 
teeth from 75 patients were analyzed for total 
alpha activity during the period from June 
1964 to May 1965. The observed levels are 
similar to those reported by R. C. Turner et al., 
in 1958 (1). However, additional data from 
larger samples and different age groups may be 
of interest to investigators concerned with the 
naturally occurring alpha levels in man. 


Methods 


Rib sections were obtained from autopsy 
with no selection as to cause of death. Each 
bone was boiled in de-ionized water, scraped 
clean of tissue, dried, and ashed at 700°C. for 
5 hours. Molar teeth extracted during routine 
dental procedures were cleaned of calculus and 
tissue, separated from any foreign material, 
and ashed at 900°C. Our sample preparation 
and analysis for total alpha activity followed 
closely the methods described by Oberhausen 
(2). In brief, the ashed tissues were finely 
ground and a 1-gram aliquot was mixed with 1 
gram of silver-activated zinc sulfide and sealed 
in a plexiglass container. The container was 
then placed against a photomultiplier and the 
alpha-induced scintillations counted in the 
usual manner. This arrangement is very sensi- 


‘Colonel Rothe is with the Veterinary Corps, U.S. 
pve | Medical Research Unit, Europe APO New York 
180. 
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tive, and has a stable background of less than 
2 counts per hour, with an average counting 
efficiency of 35 percent. All samples were 
counted for a period of 48 hours, or until a 
total of 1,000 counts had been recorded. 


Results and discussion 


Table 1 is a listing of the total alpha activity 
found in the ash of rib sections obtained from 
human cadavers. The subjects involved were 
American citizens residing in Western Europe. 
Sex and age do not seem to be a factor in the 
rather wide range of activities. 

Three groups of people furnished teeth for 
analysis. The exposure history of these people 
is not available. The Landstuhl group were 
American citizens. Those from Bad Kreuznach 
and Karlsruhe were Germans who had lived in 
these cities for the past 5 years. The alpha 
activities found are listed in table 2. There 
does not appear to be a significant difference 
in the group levels of total alpha activity. 


Table 1. Alpha levels in human ribs 


Patient groups | Activity, pCi/g ash 
| 


Age (years) 


|Number| Mean + s.d. Range 

| | 
ss wo dn.bir ta atee cubed alee 7 | 0.07540.012 | 0.021-0.131 
Re ee re 21 | 0.123 40.133 | 0.034-0.435 
30-39 - 8 | 0.15340.082 | 0.052-0.269 
40-49 __ 9 | 0.090+0.031 | 0.038-0.143 
10-86 6 


0.118+0.104 | 0.031-0.300 
'] | 
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Table 2. Alpha levels in human molar teeth 




















Patient groups Activity, pCi/g ash 
Source 
| Age (years) |Number| Mean + s.d. Range 
} 

ms | 

Landstuhl. -- - - - -- 18-29 25 | 0.213+0.142 | 0.096-0.669 

30-39 6 | 0.238+40.109 | 0.121-0.376 

40-48 6 | 0.21140.132 | 0.077-0.365 

Bad Kreuznach - - -| 25-45 19 | 0.169+0.093 | 0.067-0.325 

Karlsruhe - - --- --- 25-45 19 | 0.21640.117 | 0.033-0.584 
| 











It is not planned to continue monitoring adult 
teeth for alpha activity since the levels are 


usually unrelated to the current exposure his- 
tory of the individual. However, additional 
work is underway with human bone in an 
effort to quantitate the concentrations of 
normally occurring alpha emitters. 
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REPORTED NUCLEAR DETONATIONS, FEBRUARY 1966 


Two United States nuclear tests were an- 
nounced by the Atomic Energy Commission 
during February 1966. Low yield tests (less 
than 20 kilotons) were conducted underground 
at the Commission’s Nevada Test Site on Feb- 
ruary 3 and February 24. 


The Commission also announced detection of 
seismic signals on February 13 from the Soviet 
nuclear testing area in the Semipalatinsk re- 
gion. The signals were equivalent to those of a 
nuclear test in the low-intermediate (20-200 
kiloton) to intermediate (200 kilotons to 1 
megaton) yield range. 


INVESTIGATIONS OF WEAPONS CARRIER ACCIDENT IN SPAIN 


Following the January 17 collision of a B-52 
carrying unarmed nuclear weapons with a 
KC-135 refueling plane, approximately 1,500 
cubic yards of earth and vegetation were col- 
lected in southeastern Spain to preclude any 
possibility, however remote, of public health or 
safety hazard. There was no nuclear detona- 
tion. 

The earth and vegetation contain only small 
quantities of radioactive material scattered 
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when the nuclear weapons impacted. The ma- 
terial will be shipped to the AEC’s Savannah 
River Plant, near Aiken, S.C., where it will be 
burried in the same manner as is used for dis- 
posal of other low-level radioactive waste ma- 
terial. 

The material is being packed in 55-gallon 
drums. The levels of radioactivity are being 
carefully monitored to be sure they are well 
within the standard limits for such shipments. 
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SYNOPSES 


VARIABILITY OF FLUID MILK CONSUMPTION AND ITS RELA- 
TIONSHIP TO RADIONUCLIDE INTAKE. J. C. Thompson, Jr. (Cor- 
nell University). Radiological Health Data and Reports, Vol. 7, March 
1966, pp. 139 to 144. 

Using Federal milk marketing order statistics and population esti- 
mates for market areas, average monthly fluid milk consumption esti- 
mates were derived for cities located in areas covered by the Public 
Health Service Pasteurized Milk Network. The — per capita milk 
consumption for 67 cities in July 1962 was found to be 0.302 liters per 
day, which compared well with the Bureau of the Census estimate of 
0.297 liters per day for the same month, Establishment of a comparative 
milk consumption-radionuclide level network is described for the 38 cities 
which participate in both collection of the milk order statistics and the 
PHS milk monitoring system. This method is useful for determining 
regional and temporal variations in average milk consumption. Wide- 
spread geographic variations in radionuclide intakes are-apparent from 
a summary of data for these cities, ranging to as high as sixfold for 
strontium-90 and fifteenfold for cesium—137 between stations. The esti- 
mates indicate that the average intake of strontium-90 and cesium—137 
are approximately 70 percent less than estimates based on an assumed 
milk ———— of 1 liter per day. It is emphasized, however, that the 
averages include portions of the population whose milk intake is con- 
siderably greater than the average. These represent the critical elements 
in public health planning if large releases of radioactivity should occur. 

KEY WORDS: cesium-137; consumption; intake; marketing orders; 
milk; population; radionuclides; strontium-90. 


CESIUM-137 IN FOOD—A SUMMARY OF RESULTS ON 
SELECTED FOODS IN THE UNITED STATES, JULY 1962 TO 
OCTOBER 1963. L. R. Setter, D. Smith, and M. Spector (Division of 
Radiological Health, PHS). Radiological Health Data and Reports, Vol. 
7, March 1966, pp. 145 to 156. 

Cesium-137 content and cesium-137 to potassium ratios are sum- 
marized for nine staple foods sampled during a survey conducted for 
six consecutive quarters from July 1962 through October 1963. Insofar as 
possible, the results have been grouped by the six broad geographical 
production regions that were previously used for comparing strontium-90 
data for the same samples. 

The trend of the cesium-137 to potassium ratios was similar to 
the stontium-90 to calcium ratios previously reported, being generally 
higher in fruits and vegetables than in milk; however, the lowest ratios 
were found in lettuce, cabbages, potatoes, and eggs. It was noted that 
the region-to-region variations of cesium-137 concentrations were 
—— than those of strontium-90 for whoie milk, evaporated milk, 

read, option, and oranges. 

KEY WORDS: analyses; bread; cereals, cesium-—137; cesium-137/ 
potassium ratios; foods; fruit; meat; milk; potatoes; regional con- 
centrations; survey; vegetables. 
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SYMBOLS, UNITS, AND EQUIVALENTS 





Units 


Equivalents 








centimeter(s) 

counts per minute 
disintegrations per minute 
disintegrations per second 
electron volts 

gram(s) 

giga electron volts 
kilogram(s) 

square kilometer(s) 
kilovolt peak 

cubic meter(s) 
milliampere(s) 

millicuries per square mile 


million (mega) electron volts. - - 
milligram(s) 

square mile(s) 

milliliter(s) 

millimeter(s) 

nanocuries per square meter- -- 


picocurie(s) 


roentgen 
unit of absorbed radiation dose. 


equals GeV 
3.710 dps 
0.394 inch 


1.6X10-12 ergs 


1.6 X10 ergs 
1,000 g = 2.205 Ib 


0.386 nCi per square 
meter (mCi/km?) 
1.6X10-* ergs 


2.59 mCi per square 
mile 

10-2 curie = 2.22 
dpm 


100 ergs per gram 








INTERNATIONAL NUMERICAL MULTIPLE AND 
SUBMULTIPLE PREFIXES 





Prefixes 


Pronunciations 





THERLARETEERS 
ODEO ROE EON 








EES 


EEEFE 
ofa". s 


Bee 
33 
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